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PREFACE. 



The main intention in writing this work has been to 
collect within a limited space and in a convenient form 
the essential facts in histology. At the same time the 
author has endeavored not to sacrifice clearness and 
intelligibility to the necessarily great condensation. It 
is hoped that the work may find a field of usefulness 
among graduates who have been some time away from 
the histologic laboratory, and become a trifle " rusty ; " 
among men who, having graduated at a time when the 
subject was not taught in most of the colleges, desire 
to acquire in a short time sufficient knowledge of 
histology to enable them understandingly to read path- 
ology; and especially among students, to save them 
much of the inconvenience of taking voluminous notes, 
which always, to a greater or less extent, hampers a man 
and often causes him to lose some of the most impor- 
tant points in the endeavor to make a note of some 
trivial detail. 

Thanks are herewith tendered to my head assistants, 
R. H. Hough and F. B. Wilson, for their valuable aid 
— to the former, for the preparation of most of the 
illustrations from original sketches by the author ; to 
the latter, for the arrangement of the manuscript and 
the preparation of many of the specimens from which 
the illustrations were made. 

Nashville, Texn., September, 1900. 
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HISTOLOGY. 



CHAPTER I. 

Histology is the microscopic science of normal tis- 
sues. No matter how carefully we dissect the various 
tissues or organs of the body, we can with the unaided 
eye obtain but little knowledge of their ultimate com- 
position. An examination of the smallest portion of 
muscle, cartilage or bone, for instance, will reveal noth- 
ing which could not be seen in a gross specimen. 
The moment, however, we bring the microscope to 
bear upon any organ, an astonishing complexity of 
structure is revealed. The whole field of view is seen 
to be composed of minute bodies, differing greatly in 
appearance from the tissues they compose, and arranged 
in more or less definite order. These small bodies have 
received the name of cells, and are the histologic units. 

CRT IS* 

A cell is a microscopic, protoplasmic mass, which, 
when typical or complete, contains cell-wall, cell-body, 
nucleus, nucleolus, and centrosome. 

Some cells lack one or more of the above, and are 
said to be atypical or not complete — e. g. y the red cor- 
puscle contains usually neither nucleus, nucleolus, nor 
centrosome. The loss of these constituents can usually 

be traced to some stage of development. 

9 



10 CELLS. 

Cell-body. — The cell-body, protoplasm, or cyto- 
plasm, as its name implies, constitutes the largest part of 
the cell. It is surrounded by the cell-wall, and incloses 
the nucleus, nucleolus, and centrosome. The relative 
size and the internal structure of the cell-body vary 
greatly according to the locality from which the cell is 
taken. When examined under a high magnification, 
the cell-body is seen to consist of a network or reticu- 
lum of exquisitely delicate fibers (the spoil gioplwtm), 
the interstices of which are filled with a transparent, 




homogeneous substance (the hyaloplasm). Besides these 
two substances, we usually find some small granules 
embedded in the hyaloplasm. These are usually be- 
lieved to be not a part of the cell, but rather the result 
of some vital change in the cell-substance, or in some 
cases to be partially assimilated substances from with- 
out. These granules have received the special name 
of metaplasm or vriwosomes- 

At the outer edge of the cell-body there is usually 
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a narrow zone which is free from microsomes, and 
which has received the distinguishing name of exoplasm. 
Cell- wall. — The cell- wall is a delicate, structureless 
membrane enveloping the cell, and is derived from the 
cell-body. 

Nucleus. — The nucleus is an easily discernible, 
highly refracting body lying within the cell. It is 
quite complex in structure. Under a high magnifica- 
tion we are able to distinguish — 
(a) Nuclear Membrane. — A very thin membrane sur- 
rounding the nucleus (sometimes absent). 
(6) Nuclear Netioorlc. — A network of fine, strongly 
staining threads or filaments called chromatic fila- 
ments. These filaments exhibit along their course, 
and also at their points of intersection, certain thick- 
enings called nodal enlargements or net knots, 
(c) Nuclear Matrix. — A transparent, gelatinous, semi- 
fluid substance which occupies the space between the 
fibrils and the nuclear network. 
Nucleolus. — The nucleolus (plural, nucleoli) is a small 
spheric body usually lying in the nuclear network. 
There may be several of these bodies in a single cell. 

Centrosome. — The centrosome is a very minute 
body usually situated in the nucleus and surrounded by 
a small clear area. During cell-division, however, it is 
found in the cell-body. Radiating from the centrosome 
to the chromatin filaments are found a number of straight 
lines, which are extremely fine and very difficult to 
see. 

The nucleus seems to be the part of the cell which 
contains and transmits the hereditary characteristics. 
The centrosome apparently controls the reproduction of 
the cell. 

Properties of the Cell. — As the body is but a col- 
lection of cells and intercellular substance, it is natural 
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for us to expect to find the cell possessing certain attri- 
butes which characterize a living organism. Among 
these properties may be named — 

Metabolism — absorbing nutrition and excreting waste. 

Growth. 

Reproduction. 

Irritability — response to stimulation. 




Fig. 2.— Cells from various localities : a, Squamous epithelial cell from 
tongue; b, ciliated epithelial cell from trachea; c, smooth muscle-cell from 
uterus ; d, pigment cell from choroid coat of eye ; e, eosinophile cell from blood ; 
/, cell from liver. 



Motion — in some cells from place to place, in others 
simply the extension and extraction of the cell-body. 

Function. — All normal cells have a certain life-work 
to perform, which is called their function. 

Origin of Cell. — All cells originate from a preexist- 
ing cell, and can not be generated spontaneously. 



MODES OF CELL-DIVISION. 13 

Modes of Cell-division. — Two modes of cell-divi- 
sion are known — (1) direct division or budding ; (2) indi- 
rect division, karyokinesis, mitosis, or karyomitosis. 

Direct Division. — In the process of direct division 
a constriction occurs in the center of the cell which 
increases until the cell is split in two. 

Mitosis. — The process of indirect division is by far 
the more frequent and complicated method. The pro- 
cess is chiefly concerned in the nucleus, and has been 
divided into stages for the sake of convenience of de- 
scription, although, of course, in reality they merge 
imperceptibly from one into the other. 

Resting Stage. — In this stage the cell is, as has been 
described, above the chromatin filaments, being arranged 
in a network. 

dose Skein, — The centrosome leaves the nucleus and 
divides into halves, which proceed to opposite poles of 
the cell and, together with their radiating lines and 
clear zone, are called attraction spheres. The nuclear 
network resolves itself into a fine close skein. 

Loose Skein, or Wreath. — The skein becomes less 
tangled and more distinct. It then resolves itself into 
a number of convolutions arranged as a wreath. (See 
Fig. 3.) 

Monaster. — The loops of the wreath separate, leaving 
a series of V-shaped threads with the apex of the V 
toward the center of the cell, giving a radiating or star- 
form, hence the name. 

Diaster. — Each V shape in the monaster now splits 
horizontally into exactly similar halves whose apices 
begin to diverge from their respective opposite halves 
and point toward the nearest attractive sphere. 

In this condition they present the appearance of two 
stars, each consisting of half the monaster, called 
daughter stars. 
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to perform, which is called their function. 

Origin of Cell. — All cells originate from a preexist- 
ing cell, and can not be generated spontaneously. 
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Modes of Cell-division. — Two modes of cell-divi- 
sion are known — (1) direct division or budding ; (2) indi- 
rect division, karyokinesis, mitosis, or Icaryomitosis. 

Direct Division. — In the process of direct division 
a constriction occurs in the center of the cell which 
increases until the cell is split in two. 

Mitosis. — The process of indirect division is by far 
the more frequent and complicated method. The pro- 
cess is chiefly concerned in the nucleus, and has been 
divided into stages for the sake of convenience of de- 
scription, although, of course, in reality they merge 
imperceptibly from one into the other. 

Resting Stage. — In this stage the cell is, as has been 
described, above the chromatin filaments, being arranged 
in a network. 

dose Skein. — The centrosorae leaves the nucleus and 
divides into halves, which proceed to opposite poles of 
the cell and, together with their radiating lines and 
clear zone, are called attraction spheres. The nuclear 
network resolves itself into a fine close skein. 

Loose Skein, or Wreath. — The skein becomes less 
tangled and more distinct. It then resolves itself into 
a number of convolutions arranged as a wreath. (See 
Fig. 3.) 

Monaster. — The loops of the wreath separate, leaving 
a series of V-shaped threads with the apex of the V 
toward the center of the cell, giving a radiating or star- 
form, hence the name. 

Diaster. — Each V shape in the monaster now splits 
horizontally into exactly similar halves whose apices 
begin to diverge from their respective opposite halves 
and point toward the nearest attractive sphere. 

In this condition they present the appearance of two 
stars, each consisting of half the monaster, called 
daughter stars. 
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regular and definite form, the same layer always pro- 
• ducing the same structure in the adult. 

Tissue. — A tissue is an aggregation of similar cells 
and intercellular substance having a common function. 
The principal tissues originating from the primary germ 
layers are as follow (from Piersol) : 

From the epiblast, or ectoderm, are derived ' the epi- 
thelium of the outer surface of the body, including that 
of the conjunctiva and of the anterior surface of 
the cornea, the external auditory canal, together with 
the epithelial appendage of the skin, as hair, nails, 
sebaceous and sweat-glands. 

The epithelium of the nasal tract, with its glands and 
communicating cavities. 

The epithelium of the mouth, and salivary and other 
glands discharging into the oral cavity. 

The enamel of the teeth. 

Tissues of the nervous system. 

The retina of the eye. 

The epithelium of the membranous labyrinth. 

The pituitary and pineal bodies. 
From the mesoblad : 

The connective tissues. 

Areola tissue. 

Tendons. 

Cartilage and bone. 

Dentin of teeth. 

The muscular tissue (except that of sweat-glands). 

The tissue of the vascular and lymphatic systems, 
with their endothelium and circulating cells. 

The sexual glands and their excretory passages as far 
as the termination of the ejaculatory ducts, the vagina, 
the kidneys, and ureter. 
From the hypoblast, or entoderm : 

The epithelium of the digestive tract, with that of all 



THE CONNECTIVE TISSUE. 17 

the glandular appendage, with the exception of those 
named as being of epiblastic origin. The epithelium 
of the respiratory tract. 

The epithelium of urinary bladder and urethra. 

The epithelium of thyroid and thymus bodies (in the 
latter, HassePs corpuscles). 

If we consider the parablast as one of the germ lay- 
ers, we must omit certain structures from the above 
classification, as follows : 

Tissue developed from parablast. 

Blood-vessels. 

Lymphatics and lymph-glands. 

Blood-corpuscles. 

Connective tissue. 

All the tissues of the body may, for convenience, be 
divided or classified into four groups — viz.: (1) Epithe- 
lial tissue ; (2) connective tissue ; (3) muscular tissue ; 
(4) nervous tissue. 

The Connective Tissue. — The principal connective 
tissues are — mucous, white fibrous, yellow elastic, adi- 
pose, retiform, bone, and dentin. 

Areola tissue is a tissue composed of white fibrous, 
yellow elastic, and adipose tissues in varying amounts. 

Mucous tissue is composed of large branching cells 
surrounded by a soft gelatinous substance (mucin). In 
the adult it is found in the vitreous humor of the eye. 
In the embryo it occurs in the umbilical cord and in 
the subcutaneous tissue. 

White fibrous tissue is made up of very fine, deli- 
cate fibrils, which run more or less parallel, do not 
branch, and are united to form bundles. These bundles 
may unite to form larger bundles, or may cross to form 
a regular network. Two kinds of cells are found in this 
tissue — known as the wandering and the fixed cells. 
The fixed cells are irregularly stellate, and are direct 
2 



descendants of the mesoblastic cells. It is through the 
agency of these cells that the fibers are formed. The 
wandering, or migratory, cells are originally white 
blood-corpuscles that have wandered into the tissue by 
virtue of their ameboid motion. When boiled, white 
fibrous tissue yields gelatin. This tissue is found in a 




Fig. 1— A, While fibrous tissue 
tire-tissue cells; 8, end H of white fit 
highly magnified; C, wandering, o 
magnified; D, fellow elastic tissue, 



a, nuclei of died and wandering conneo- 
■a ; B, Isolated fixed connective-tissue cell, 
migratory, connective-tissue cell, highly 
ery highly magnified. 



great variety of locations, being probably the tissue most 
frequently met with in the body, serving as it does 
to form a framework for all the organs, to bind indi- 
vidual fibers of muscles and nerves, and as a support 
to blood-vessels, lymphatics, and nerves. 

Tendons. — The tendons are strong fibrous cords 
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serving to unite muscle to hone. These cords are made 
up of numbers of bundles of dense white fibrous tissue, 
willed mwwtltiri/ hint-dies, ;ind are coniinunus with the 
fibrous investment of the muscular fibers, which are 
hound together by circularly disposed bands of areola 
tissue. Eaeli bundle of fibers can be subdivided into 
smaller bundles of very delicate fibrillar, railed primary 
bundles. Between these primary bundles are numbers 
of large irregularly branched tendon celh, whose pro- 
cesses extend around and arc firmly applied to the sides 
of the adjoining bundles, thereby aiding in holding them 
together. Blood-vessels and occasionally a small nerve- 
fiber are found in the areola tissue surrounding the 
secondary bundles. 

Yellow elastic tissue consists of branching fibers 
that form an clastic network in various loeat.ious. The 
fibers are under some tension, and when broken tend to 
curl up at the ends. This tissue usually occurs associ- 
ated with others of the oonneetive-tisstie group, as, for 
instance, in areola tissue. It may, however, be found 
nearly free from other admixtures in the ligamentum 
nucha: or in the subilava, in which case the fibers are 
much thicker and larger than in other localities. It 
occurs in considerable amount in the subcutaneous 
tissue, arteries, longs, capsules of organs, and in the 
mesentery, omentum, and other serous membranes. 

Adipose tissue is composed of large, clear, poorly 
stained spheroid cells, known as fat-cells, supported by 
white fibrous tissue. The fat-cells are derived from 
the fixed connective-tissue cells by a change of the 
protoplasm into an oily substance and the probable 
absorption of additional substances from without. 
During tills process the irregular cell-wall of the fixed 
oannective-tissue cell is distended until it assumes a 
spheric shape, the nucleus meanwhile being pushed to 



Cell-body. — The cell-body, protoplasm, or cyto- 
plasm, as its name implies, constitutes the largest part of 
the cell. It is surrounded by the cell-wall, and incloses 
the nucleus, nucleolus, and centrosome. The relative 
size and the internal structure of the cell-body vary 
greatly according to the locality from which the cell is 
taken. When examined under a high magnification, 
the cell-body is seen to consist of a network or reticu- 
lum of exquisitely delicate fibers (the sponoioplasm), 
the interstices of which are filled with a transparent, 




homogeneous substance (the hyaloplasm). Besides these 
two substances, we usually find some small granules 
embedded in the hyaloplasm. These are usually be- 
lieved to be not a part of the cell, but rather the result 
of some vital change in the cell -substance, or in some 
cases to be partially assimilated substances from with- 
out. These granules have received the special name 
of metaplasia or microsomes. 

At the outer edge of the cell-body there is usually 
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a narrow zone which is free from microsomes, and 
which has received the distinguishing name of exoplasm. 
Cell-wall. — The cell-wall is a delicate, structureless 
membrane enveloping the cell, and is derived from the 
cell-body. 

Nucleus. — The nucleus is an easily discernible, 
highly refracting body lying within the cell. It is 
quite complex in structure. Under a high magnifica- 
tion we are able to distinguish — 

(a) Nuclear Membrane. — A very thin membrane sur- 
rounding the nucleus (sometimes absent). 
(6) Nuclear Network. — A network of fine, strongly 
staining threads or filaments called chromatic fila- 
ments. These filaments exhibit along their course, 
and also at their points of intersection, certain thick- 
enings called nodal enlargements or net knots, 
(c) Nuclear Matrix. — A transparent, gelatinous, semi- 
fluid substance which occupies the space between the 
fibrils and the nuclear network. 
Nucleolus. — The nucleolus (y>h\ral,nucleoli) is a small 
spheric body usually lying in the nuclear network. 
There may be several of these bodies in a single cell. 

Centrosome. — The centrosome is a very minute 
body usually situated in the nucleus and surrounded by 
a small clear area. During cell-division, however, it is 
found in the cell-body. Radiating from the centrosome 
to the chromatin filaments are found a number of straight 
lines, which are extremely fine and very difficult to 
see. 

The nucleus seems to be the part of the cell which 
contains and transmits the hereditary characteristics. 
The centrosome apparently controls the reproduction of 
the cell. 

Properties of the Cell. — As the body is but a col- 
lection of cells and intercellular substance, it is natural 
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for us to expect to find the cell possessing certain attri- 
butes which characterize a living organism. Among 
these properties may be named — 

Metabolism — absorbing nutrition and excreting waste. 

Growth. 

Reproduction. 

Irritability — response to stimulation. 




Fig. 2.— Cells from various localities : a, Squamous epithelial cell from 
tongue; b, ciliated epithelial cell from trachea; c, smooth muscle-cell from 
uterus ; d, pigment cell from choroid coat of eye ; e, eosinophile cell from blood ; 
/, cell from liver. 



Motion — in some cells from place to place, in others 
simply the extension and extraction of the cell-body. 

Function. — All normal cells have a certain life-work 
to perform, which is called their function. 

Origin of Cell. — All cells originate from a preexist- 
ing cell, and can not be generated spontaneously. 
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Modes of Cell-division. — Two modes of cell-divi- 
sion are known — (1) direct division or budding ; (2) indi- 
rect division, karyokinesis, mitosis, or karyomitosis. 

Direct Division. — In the process of direct division 
a constriction occurs in the center of the cell which 
increases until the cell is split in two. 

Mitosis. — The process of indirect division is by far 
the more frequent and complicated method. The pro- 
cess is chiefly concerned in the nucleus, and has been 
divided into stages for the sake of convenience of de- 
scription, although, of course, in reality they merge 
imperceptibly from one into the other. 

Resting Stage. — In this stage the cell is, as has been 
described, above the chromatin filaments, being arranged 
in a network. 

Close Skein. — The centrosome leaves the nucleus and 
divides into halves, which proceed to opposite poles of 
the cell and, together with their radiating lines and 
clear zone, are called attraction spheres. The nuclear 
network resolves itself into a fine close skein. 

Loose Skein, or Wreath, — The skein becomes less 
tangled and more distinct. It then resolves itself into 
a number of convolutions arranged as a wreath. (See 
Fig. 3.) 

Monaster. — The loops of the wreath separate, leaving 
a series of V-shaped threads with the apex of the V 
toward the center of the cell, giving a radiating or star- 
form, hence the name. 

Dia8ter. — Each V shape in the monaster now splits 
horizontally into exactly similar halves whose apices 
begin to diverge from their respective opposite halves 
and point toward the nearest attractive sphere. 

In this condition they present the appearance of two 
stars, each consisting of half the monaster, called 
daughter stars. 



24 CELLS. 

White fibrous cartilage is essentially a hyaline car- 
tilage that has numerous bundles of white fibrous tissue 
coursing in all directions through its matrix. The cells 
are usually more sparsely distributed and the capsule 
denser than in the hyaline variety. These characteris- 
tics adapt the fibrous cartilage particularly to locations 
where great tensile strength combined with flexibility is 
required. Hence, we find it in the symphysis pubis, 
the intervertebral discs, the sternoclavicular and tempo- 
romaxillary articulations. 

Yellow elastic cartilage, or reticular cartilage, 
resembles hyaline cartilage in all respects save that it 
has in addition a network of yellow elastic fibers within 
its matrix. These fibers, as a rule, do not envelop 
the lacunae very closely, but leave clear areas around 
them, within which the cells can be easily seen. This 
addition of elastic fibers produces a tissue that is pli- 
able yet elastic. We find such tissue of special advan- 
tage in such localities as the external ear, the epiglottis, 
the arytenoid cartilage, and cartilage of Santorini or of 
Wrisberg. 

Cellular cartilage does not occur in the human 
subject, but may be found in some of the lower animals 
— e. g., the ear of rats and mice. It consists of very 
numerous and closely aggregated cartilage-cells that 
have no matrix proper surrounding them, but are re- 
tained in position by an intercellular cement substance. 

In old age, deposits of calcium salts may be found in 
any of the cartilages ; when so found, the cartilage is 
said to be calcified. By the action of prolonged boiling, 
chondrin can be extracted from the cartilage. 
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QUESTIONS FOR CHAPTER I. 

1. What is histology ? 

2. What is a cell? 

3. What structures does a typical cell contain ? 

4. What are the cell-body ? spongioplasm ? hyaloplasm ? exo- 
plasm? 

5. What is the cell-wall ? 

6. What are the nucleus? nuclear membrane? nuclear net- 
work? nuclear matrix? 

7. What is the nucleolus ? 

8. What is the centrosome ? 

9. Name the properties of the cell. 

10. What is meant by metabolism ? growth ? reproduction ? irri- 
tability? motion? function? 

11. How may a cell divide ? 

12. What is meant by direct division ? 

13. Name the synonyms of indirect division. 

14. Describe the process of indirect cell-division. 

15. What is the origin of all cells ? 

16. What are the primary germ-layers ? 

17. What tissues are developed from the epiblast? from the 
mesoblast? from the hypoblast? 

18. What is meant by the parablast? and what tissues are de- 
veloped from it ? 

19. Name the four groups of tissues. 

20. Name the connective tissues. 

21. Describe mucous tissue, white fibrous tissue, tendon, yellow 
elastic tissue, adipose tissue, retiform tissue, adenoid tissue. 

22. Name the varieties of cartilage. 

23. What is the perichondrium ? 

24. Describe hyaline cartilage. 

25. What is its matrix? What are its lacunae? What is its 
capsule ? 

26. Describe white fibrous cartilage. 

27. Describe yellow elastic cartilage. 

28. Describe cellular cartilage. 



CHAPTER H. 



BONE. 



Histologically, there are two types of bone, the 
compact and the spongy or cancellated. Covering the 
surface of bone, except at articular surfaces, we find a 
membrane, the periosteum, which is analogous to the 
perichondrium in cartilage, and, like it, consists of two 
layers — an outer fibrous and an inner or cellular. The 
outer layer consists principally of white fibrous tissue. 
The cellular layer contains many more connective-tissue 
cells, which gradually become more closely aggregated 
as we proceed toward the osseous surface, leaving no 
sharply defined line of demarcation between the two 
periosteal layers. As the bone is developed through 
the agency of the periosteal cells, they are sometimes 
called the osteogenetic cells, and the cellular layer, osteo- 
genetic layer of the periosteum. 

Compact bone occurs in the shafts of all the long 
bones, at the inner and outer tables of the flat bones, 
and as a thin layer around the periphery of the irregu- 
lar bones. It is not a homogeneous structure, but is 
composed of thin layers of osseous substance, character- 
istically arranged, called lamella;. At the inner and 
the outer (medullary and subperiostal) surfaces are a 
number of lamellae of bone arranged concentrically 
with the periphery and called the circumferential 
or fundamental lamellae. Between the inner and 

outer circumferential lamellae we find the osseous sub- 
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COMPACT BONE. 

stance, arranged in systems of concentric layers, e 
system virtually forming a tube with laminated walls. 
These tubes, for the most pari, run parallel to the long 
axis of the bone, but at frequent intervals are united by 
diagonal brandies, so that the lumens form a continu- 
ous network of canals. These canals communicate with 
the medullary cavity, and serve to transmit blood- 
vessels, nerves, and lymphatics, which are supported 






: 




by a fine prolongation of the marrow reticulum. These 
tubes are culled the Haversian canals; the strata of 
their walls, the Haversian or special lamella:; and 

the canals, together with their bounding lamcllse, con- 
tents, and bone-cells (soon to be described), constitute 
the Haversian system. The more or less triangular 
spaces between adjacent Ibivvi'.-uin i-ysli-ins. are -iijiicd 
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by indefinitely arranged layers of bone, called the 
interstitial or ground lamellae. Besides the Haver- 
sian canals there is another system of blood-channels. 
These occur scattered through the circumferential 
lamellae, and have received the name of Volkmann's 
canals. Their blood-vessels communicate both with 
the surface of the bone and with the Haversian canals. 
There is no special arrangement of the bone around the 
Volkmann's canals, as occurs around the Haversian 
systems, the former being simply spaces between the 
lamellae. 

Scattered between the individual lamellae of all three 
types we find many elongated, thin spaces — the cell- 
spaces, or lacunas. In the circumferential lamellae 
their long axes correspond to the long axis of the bone. 
In the Haversian lamellae the lacunae are slightly curved 
laterally, to conform to the general concentric annular 
arrangement. In the interstitial lamellae there seems to 
be no special arrangement, but in a general way the long 
axes of the lacunae correspond to that of the bone. 

Radiating in all directions and connecting the lacunae 
are minute canals, called canaliculi, which serve to 
transmit nutriment to the cells within the lacunae and 
communicate with the lymphatics in the canals. While 
the canaliculi radiating from the lacunae of a Haversian 
system intercommunicate very freely, they rarely or 
never have any direct connection with the adjacent 
systems. 

In dry preparations of bone which have been ground 
to the requisite degree of thinness for microscopic ex- 
amination the lacunae and canaliculi become filled with 
particles of dirt and debris and appear black. 

In sections which have been decalcified, however, the 
lacunae are found to contain cells with long protoplasmic 
prolongations reaching into the canaliculi. These are 
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the true bone-cells, or bone-corpuscles. If some of 
the outer lamellae be forcibly torn off, there will be 
observed occasional fibers which penetrate the bone 
vertically to the surface. These fibers are the remains 
of old periosteum which in the process of bone forma- 
tion have failed to be displaced by the newly depos- 
ited subperiosteal bone. They are called perforating 
fibers of Sharpey. 

Spongy or cancellated bone differs from the com- 
pact in that the plates or spicules of which it is com- 
posed have no regular arrangement into a system, but 
unite irregularly to form a honeycombed mass, the cavi- 
ties of which are filled with marrow. The nutrition 
of the bone is derived from this marrow, hence there 
is no need for special blood-vessels. Spongy bone is 
found at the ends of the shafts of long bones and at 
the centers of the short and flat bones (the apophyses 
and diploe). At this place it might be well to call 
attention to several points in which bone and cartilage 
are analogous — viz. : 

1. They both have a common mesoblastic origin. 

2. Both are covered by similar membranes — peri- 
chondrium, periosteum. 

3. Both are composed of cells embedded in an indif- 
ferent matrix. 

4. Both have similar functions — supportive frame- 
work. 

MARROW. 

There are two kinds of marrow : the red, which occurs 
in spongy bone, — principally in the flat bones, the ver- 
tebrae, the sternum, and the ribs, — and the yellow, which 
is found principally in the medullary cavities of the 
extremities. Small prolongations also extend into the 
larger Haversian canals. 



The red marrow contains a rather delicate reticulum 
or network of connective tissue, embedded in the inter- 
stices of which ;nv very numerous ctMs. These cells 
differ widely, and may be divided into live principal 
classes — viz., riu/eloeyt?.-:, rnjthnibhixfo, eosiiinphiftx, Ihim,- 
■phifr-i, ami ifinnt r<-(/t>. 

The myelocyte, myeloplax, or marrow cell, is a 
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moderate-sized cell capable of ameboid motion ; it has 
a well-marked cell-body, and usually a single roond 
nucleus. The cell-liody frequently contains granules, 
which stain in neutral dyes (ncutrophile granules). 
Tliese cells are the most numerous in red marrow. 

The erythroblasts, or hematoblasts, are rather 
smaller cells than the preceding, and contain a relatively 



. 



DEVELOPMENT OF BONE. 31 

• 

small cell body, yellowish in color, containing hemoglo- 
bin (the oxygen-carrying element of the red blood- 
corpuscles) and a nucleus, which is frequently seen in 
process of division. These cells develop the colored 
corpuscles of the blood. 

The eosinophils, or acidophiles, resemble the 
myelocytes, but frequently have very irregularly shaped 
nuclei, and contain many large granules, which stain 
intensely with acid dyes (eosinophilic granules). 

The basophilic cells, plasma cells, or mastzellen, 
resemble the eosinophiles excepting that the contained 
granules stain only in a basic dye. These cells occur 
only infrequently. 

The giant cells are very large, irregularly shaped, 
ameboid cells, and usually contain many nuclei. They 
play an important part in the development of bone, and 
are then called osteoclasts. (See Developing Bone.) 
The nuclei of all the preceding varieties of cells are 
frequently seen in process of karyokinesis. 

The yellow marrow differs from the red in that 
almost all the marrow-cells have been transformed into 
fat and the connective-tissue reticulum is slightly in- 
creased. 

The marrow is well supplied with blood-vessels, 
lymphatics, and nerves, which come from the periosteum 
through the Volkmann's and the Haversian canals. 

DEVELOPMENT OF BONE. 

Bone may be developed in one of two ways : 

1. From cartilage — the intracartilaginom develop- 
menL 

2. Under or between layers of periosteum — the intra- 
membranous development. 

In the embryo, all the bones of the body, with the 



The red marrow contains a rather delicate reticulum 
or network of connective tissue, embedded in the inter- 
stices of which are very numerous cells. These cells 
differ widely, and may be divided into five principal 
classes — \'i7..,mi/doci/i<w, eri/throilu.ils, evsiiiopfiUea, baso- 
philea, and giant cells. 

The myelocyte, myeloplax, or marrow cell, is a 



moderate-* izecl cell capable; of ameboid motion; it h 
a well-marked cell-body, nnd usually a single rmiro 
nucleus. The cell-body frequently contains grannies 
which stain in neutral dyes (neutrophile granules). 
These cells are the most numerous in red marrow. 

The erythroblasts, or hematob lasts, are rather 
smaller cells thau the preceding, undeoutaiua relatively 





exception of a few in the head, are outlined by solid 
hyaline cartilage, and covered by a membrane — the 
primary periosteum — having the same structure as the 
perichondrium in other places. The development of 
adult bone from these cartilages begins at certain con- 
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stant and well-defined points, which are called centers 
of ossification, and are usually situated a short distance 
from the ends of the bones. The cartilage-cells at these 
points enlarge considerably and arrange themselves in 
longitudinal rows, the matrix meanwhile increasing 



somewhat in amount and becoming infiltrated wi 

lime-salts ( i>rlin<irif<-<t/i-ljivttfov), and thus inclosing t 
cells in small calcareous compartments called primary 
areola?. 

While this is going on, small blood- ves.se Is, accom- 
panied by mini. Tons cells from the under layer of the 
periosteum, the osteoblasts, penetrate the curtilage, and, 
upon reaching the vertical Livers of cells, proceed to 
absorb the transverse bars of the primary ftreolse, pro- 
ducing numerous vertical tunnels, surrounded by walls 
of calcified matrix. During this process the cartilage- 
cells are probably absorbed. 

The osteoblasts in the tunnels now multiply greatly, 
and, arranging themselves around the tunnel walls, 
secrete around themselves a layer of bone. Within 
this I're.-h osteoblasts arrange themselves and secrete 
another layer of bone. This process is repeated until 
usually live or six concentric layers of bone, surround- 
ing the central blood-vessels and some cells, have been 
deposited. These concentric layers of bone, containing 
the cells which produce them, and central vessels, 
together with nerves and lymphatics, which develop a 
little later, constitute the llm-rrxittii- (o/.s/o/w of the adult 
bone. At this stage nf the development the bone will 
consist throughout its thickness nf Haversian systems 
rather loosely held together. A number of very I: 
irregular, multinnelcar cells (the osteoclasts) now ap- 
nea! in the more centra] portion of the bone and 
proceed to cause the disintegration of the Haversian 
system-, thus producing ;i longitudinal central canal of 
some size, which becomes the medullary cavity, and 
contains the elements which go to produce the narrow. 

During the fircguing process the innermost cells of 
the periosteum multiply and secrete a layer of bone 
around themselves ; a fresh number of cells are de- 
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posited upon this, which in turn produces a second 
layer. This process maintains as long as the bone con- 
tinues to grow in transverse diameter, and produces 
thereby the adult circumferential lamellce. 

The medullary cavity also increases in size, but as the 
subperiosteal bone is deposited a little more rapidly than 
the central portion is absorbed, the wall of the bone in- 
creases in thickness at the same time that it is growing 
in circumference. 

In the long bones the cartilage proceeds to calcify 
from the upper center of ossification downward until it 
meets the bone proceeding from a lower center of ossi- 
fication upward to the junction of the shaft with the head 
of the bone. Here a band of cartilage (the epiphyseal 
cartilage) is met with, which continues to grow as fast 
as the process of ossification ascends. This causes the 
bone to grow in length while the epiphyseal cartilage 
maintains a constant thickness. When the bone has 
attained its maximum length, the cartilage finally 
becomes calcified also, and all subsequent increase in 
length is prevented. 

In the cancellated bones the honeycombed structure 
is produced in a manner similar to the tunneling out of 
the medullary canal, but the process is not so complete, 
and the osteoblasts burrow in various directions. 

The intramembranous method of development dif- 
fers from the preceding in that the position of the adult 
bone is not mapped out by the cartilage, but by a double 
layer of periosteum with cellular layers approximated. 
Between these layers branching spicules of a calcareous 
nature are formed, which are subsequently covered by 
osteogenetic cells from the periosteum. These cells 
proceed to secrete layers of bone about themselves, in 
much the same way that occurs around the Haversian 
canals. As bone formation advances, blood-vessels 
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make their way into the tissue, and are accompanied by 
osteoclasts, which proceed to tunnel out marrow spaces, 
as in the heads of the long bones. The inner and outer 
tables of dense bone are deposited by the subperiosteal 
mode, as are the circumferential lamellae in the long 
bones. The bones of the cranial vertex, the small 
bones of the face, and the inferior maxilla are the results 
of the intramembranous development. 

Dentin is a calcareous tissue constituting the largest 
part of the teeth. It has many points of similarity with 
bone, which will be considered at length when describing 
the teeth. 

QUESTIONS FOR CHAPTER II. 

29. Name the two types of bone. 

30. What is the periosteum ? Give its structure. 

31. Describe the general arrangement of compact bone. 

32. What are the circumferential lamellae? 

33. What are the Haversian lamellae ? 

34. What are the Haversian canals? the interstitial lamellae? 
Volkmann's canals? 

35. What are the lacunae ? 

36. What are the canal iculi ? 

37. Describe the appearance of a dried section of bone. 

38. What are the perforating fibers of Sharpey ? 

39. How does spongy bone differ from compact ? 

40. Name the points of similarity between bone and cartilage. 

41. Name the two varieties of marrow. 

42. Name the types of cells found in red marrow. 

43. Describe the myelocyte, the hematoblasts, the eosinophils, 
the basophilic cells, the giant cells. 

44. Describe the yellow marrow. 

45. Name the two methods of bone development. 

46. What are centers of ossification ? 

47. What are osteoblasts ? osteoclasts ? 

48. Describe the process of intracartilaginous bone development. 

49. Describe the intramembranous method of bone develop- 
ment. 



CHAPTER in. 

MUSCLES* 

The muscular tissues form a group of specialized cells 
possessing contractility in a marked degree. They are 
all (with the exception of the small muscles of the 
sweat-glands) of mesoblastic origin. Three distinct 
types of muscle are recognized — voluntary, smooth, and 
heart muscle. 

Voluntary, striated, or skeletal muscle is the 
most abundant of the three types. It forms all the 
skeletal muscles, and is under control of the will. 

When examined microscopically, it is seen to be 
composed of parallel cylindric fibers, which are about 
-gjf-Q of an inch wide, and vary from f of an inch to 
1 \ inches in length. Each fiber is covered by a very 
delicate structureless membrane, corresponding to a cell- 
wall, called a sarcolemma. Under this sarcolemma 
and at the outer edge of the fiber are situated numerous 
oval nuclei, their long diameters parallel to the direc- 
tion of the fibers. If looked at with a moderately high 
power objective (J-inch to J-inch), each fiber will 
exhibit cross striations, consisting of alternate dark and 
light bands. Under still higher magnification a dark 
line (the membrane of Krause) may be seen in the center 
of the light bands, and a lighter line (the median line 
of Hensen) in the center of the dark band is distin- 
guished. 

Fine longitudinal markings are also sometimes seen. 
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VOLUNTARY MUSCLE. 

It is possible by treating the fiber ctiernii.-a.lly tit split it, 
along the longitudinal markings, into fine iibrilhe, called 
sarcostyles, or transversely along the membrane < 
Krause into tliwn, each of which contains a dark band 
with half a light band above and below. 
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resiilved into iiTimenms sio:ill prisms, known as sarcous 
elements. This division, however, is entirely artifi- 
cial. In reality, the sareostvles are composed of dark, 
granular, fusiform, contracting elements, with enlarge- 
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ments at each extremity, placed end to end. The spac 
between the contracting elements are tilled by a clen 
substance, called sarcoplasm. As the aarcofltyles r 
parallel with their composing elements, opposite 
other, the apjicarance of the contiguous tliiek cente 
will be that of the dark band. The thin ends, s 
rounded bv clear sarcoplasm, will show as the ligl 
band. The enlargements at the thin ends will product 
a row of granules, which arc so closely placed 
appear as a line— the membrane of Krause. 
median line of Ilenseu is produced bv a slight thinning 
of the contracting elements just at, their centers, and h 
refraction of light. The individual fibers of voluuta 
muscle are bound together by very delicate fibers < 
wdiite fibrous tissues, called the endomysium, to forr 
bundles (the fasciculi). These faxv-witli are surroundec 
and bound to other fasciculi by a larger band of white 
fibrous tissue, culled the perimysium, and these fasci- 
culi are groupnl together to form the large muscles 
us found in dissection, and are surrounded by a still 
larger mass of fibrous tissue (the epimysium), which 
constitutes the sheath of the muscle. These connective 
tissues serve also to support numerous nerves, blood- 
vessels, and lymphatics. The blood-vessels break up 
into capillaries, which form a fine network around the 
individual muscle-fibers. The nerves terminate in 
special end-organs under the sareolenima. 



SMOOTH MUSCLE. 
Smooth, plain, involuntary, or nonstriated 
muscle is found ehiefiy in the gasf ro-intestinul tract, 
the arteries around the various ducts, in the genito- 
urinary tract, and in the skin and capsules of organs. 
It contracts slowly and is not subject to the with Smooth 
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muscle is composed of spindle-shaped cells, covered by 
a fine sheath, which, while varying considerably in size 
in various locations, may be said to average about 
-^-^ of an inch in length and 5 a *a a of an inch in width. 



innr 



In the center of each fiber is an elongated, rod-shaped 




Fig. 13.— Smooth muscle-fibers : a, Nucleus. 



nucleus. Very fine longitudinal striations may be 
seen in especially favorable sections. The fibers are 
held together by cement substance and by interlacing of 
their ends. Occasionally, extremely fine spiculse branch 
at right angles to the fibers and aid in uniting them. 



HEART MUSCLE. 

Heart or cardiac muscle, as its name implies, is 

found only in the heart. It is composed of reetaugutar, 
branching c/lx, placed end to end, and joined by a small 
amount of clear cement substance. The fibers are more 
delicately cross -striated than the voluntary muscle, 
and, like the latter, possess fine longitudinal markings. 




Nucleus ; 6, branch of fi 



A single oval nucleus is present in the center of each 
cell. Small amounts of fibrous tissue and capillaries 
are found between the cells. 

Tin: following tabulated comparison of the three 
types of muscle may be of value iu distinguishing 
them : 
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Voluntary. 

1. Fibers long, J of an inch to 

1J inches. 

2. Fibers cylindric. 

3. Fibers striated. 

4. Fibers contain many nuclei. 

5. Fibers contain nuclei at 

edge. 

6. Nuclei are oval. 

7. Fibers are united by fibrous 

tissue, called endomysium, 
perimysium, and epimy- 
sium, according to location. 

Voluntary. 

1. Fibers very long. 

2. Fibers cylindric. 

3. Fibers plainly striated. 

4. Fibers covered by sarco- 

lemma. 

5. Fibers contain many nuclei. 

6. Fibers contain nuclei at 

edges. 

7. Fibers united by fibrous 

tissue. 

Heart. 

1. Fibers are rectangular. 

2. Fibers are cross-striated. 

3. Fibers are united by branch- 

ing and by cement sub- 
stance. 



Smooth. 



i 



of an 



1. Fibers shorter, 

inch. 

2. Fibers fusiform. 

3. Fibers unstriated. 

4. Fibers contain one nucleus. 

5. Fibers contain nucleus at 

center. 

6. Nuclei are elongated and 

rod-shaped. 

7. Fibers are united by cement 

substance, interlacing of 
ends, and intercellular 
spiculse. 

Heart. 

1. Fibers shorter. 

2. Fibers rectangular. 

3. Fibers more lightly striated. 

4. Fibers have no sarcolemma. 

5. Fibers contain single nuclei. 

6. Fibers contain nuclei in cen- 

ter. 

7. Fibers united by cement sub- 

stance and branching. 

Smooth. 

1. Fibers are fusiform. 

2. Fibers are unstriated. 

3. Fibers are united by cement 

substance, by interlacing 
of ends, and by intercellular 
spiculae. 



QUESTIONS FOR CHAPTER III. 

50. Name the varieties of muscle. 

51. Give the size of the voluntary muscle-fiber. 

52. What is the sarcolemma ? 

53. What is the membrane of Krause ? 

54. What is the median line of Hensen ? 

55. What is the sarcous element ? 

56. Describe the structure of a voluntary muscle-fiber. 

57. What kind of tissue binds together the voluntary muscle- 
fibers? 
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58. What is this fibrous tissue called in various locations? 

59. Describe the blood supply of voluntary muscle. 

60. How and where do the nerves terminate? 

61. Describe the nuclei of voluntary muscle. 

62. What is the shape and size of smooth muscle-fibers? 

63. Where is smooth muscle found ? 

64. Describe the structure of smooth muscle. 

65. How are the smooth muscle-fibers held together ? 

66. What is the shape of cardiac muscle ? 

67. Describe its structure. 

68. How are the fibers held together ? 

69. What are the differences between voluntary and smooth 
muscle ? voluntary and heart ? heart and smooth ? 



CHAPTER IV. 

EPITHELIUM. 

Epithelial tissue is essentially a cellular tissue, the 
intercellular substance of which is of a cement nature. 
The cells vary greatly as to size, shape, arrangement, 
and function, but in a general way may be said to be 
rich in cell-body (cytoplasm), which is usually granular, 
and possess a clear, vesicular, smoothly outlined nucleus, 
containing nucleoli. With the exception of some of the 
cells of the genito-urinary tract (sexual glands and 
ducts, kidney, and ureters), all epithelium is either of 
epiblastic or hypoblastic origin. 

For sake of convenience we may classify epithelium 
in three ways — according to shape of cells, arrangement 
of cells, and function of cells: 



Sa mo f Thin scales, ovoid. 
^ \ Polygonal, stellate. 



1. Shape of cells : < f ^L^ ' P^matic. 

Columnar 3 g^i Preform. 

j Fusiform or goblet- 
(. shaped, ciliated. 

Pavement. 

2. Arrangement of cells : -{ Transitional. 



{ 



Stratified. 



Protective. 
Propulsive. 
3. Function of cells : ( Conductive. 

Secretory and absorptive. 
Nervous or neuro-epithelium. 

I. Squamous cells are thin and flattened ; they may 
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Imj found in the outer layers of stratified and transitional 
epithelium, as in the skin, cornea, vagina, and mucous 
membranes of the buccal cavities, or in a single 
layer (pavement) chiefly lining the alveoli of the 
limps Ll11 the posterior surface of the cornea, and on the 
anterior surface of the iris. The cells often vary 

somewhat in thickness and peripheral outline, and have 
been variously described as roundish, ovoid, polygonal, 




and stellate. The stellate forms have numbers of very 
irregular prolongations, frequently branching. These 
cells frequently contain granules of pigment. 

Columnar cells are longer than they are broad, and 
are placed with their long diameters vertical to the 
surface. According to tbciu cross-section, they will be 
eylhulrw, prkmittic, or cuboid. As their vertical see- 
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tions vary, they may appear pyrifoim,, fusiform, goblet- 
shaped, or ciliated. 

Columnar cells may occur in a single layer, as lining 
ducts, glands, and in the intestine ; or they may be 
stratified, as in the trachea. In some localities the free 
ends of the cells are covered by numbers of very deli- 
cate hair-like processes, called cilia. These cilia wave 
rapidly to and fro in a definite direction, with a whip- 
like motion, and serve to produce currents in fluids or 
to transport foreign particles. Ciliated cells are found 
in the nasal fossae, trachea, bronchi, and Fallopian 
tubes, and in the central canal of the spinal cord. 

2. According to the uses to which epithelium is 
adapted, the cells may vary in arrangement. 

In the intestine, lung alveoli, posterior surface of 
cornea, lining ducts of glands, kidney, urethra, Fallo- 
pian tubes, and central spinal canal, the cells occur in a 
single layer resting on underlying layers of specialized 
fibrous tissue, called the basement membrane. To 
this arrangement the name of pavement epithelium 
may be given. 

Again, in other localities, as the skin, the mucous 
membrane of the mouth and vagina, the cornea, and the 
trachea, they are arranged in many superposed layers, 
and are called stratified epithelium. 

In a few places, as the pelvis of the kidney, the 
ureters, and the urinary bladder, an arrangement of 
cells only a few layers in thickness is found ; the outer 
layers of cells are not flattened to any extent, but are 
more cuboid or ovoid, while virtually but a variation of 
the stratified variety ; this arrangement has received the 
special name of transitional epithelium. 

3. Epithelium may be further classified according to 
its funx&ion. The protective type would include such 
localities as the skin and the mucous membrane of the 
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esophagus, in which the main function is to protect the 
underlying structures. 

The conductive is found lining ducts the chief 
function of which is to transmit or to retain secretions. 

OUiated epithelium, as in the bronchi and Fallopian 
tubes, which causes currents in fluids and carries small 
particles of matter, may be termed propulsive. 

Cells such as occur in glands and in the gastro- 
intestinal tract, the main function of which is either 
to secrete or to absorb, may be called secretory 
and absorptive respectively. 

In the organs of special sense — skin, tongue, nose, 
eye, and ear — certain types of epithelium are found 
which are very intimately connected with the nervous 
system. These cells possess some of the characteristics 
of both nerve and epithelium, and have received the 
compound name of neuro-epithelium. 

Besides the foregoing classes, there are some special- 
ized substances, as the hair, nails, and enamel of the teeth, 
which are epithelial derivatives, and will be considered 
under their appropriate heads. 

QUESTIONS FOR CHAPTER IV. 

70. Describe the general characteristics of epithelium. 

71. From what germ layers is it developed ? 

72. How may it be classified ? 

73. Give a classification with regard to the shape of the cell, the 
arrangement of cells, and the function of the cells. 

74. Describe and give location in which squamous cells are 
found ; columnar cells. 

75. What is pavement epithelium, and where is it found ? strat- 
ified epithelium ? transitional epithelium ? 

76. What is meant by protective type, conductive type, ciliated, 
propulsive, secretory, and absorptive ? 

77. What is meant by neuro-epithelium ? 

78. Name the specialized epithelial structures. 



CHAPTER V. 

NERVES, 

Nerves are long, highly specialized fibers originating 
in nerve-cells, carrying impulses, and usually terminat- 
ing in special end-organs. 

The combination of one nerve-fiber with its cell and 
terminals is called a neuron. 

It may probably safely be said that all true nerve 
tissue is developed from the epiblast or ectoderm. 

A nerve-cell is one of the largest cells in the body. 
It contains a large spheroid nucleus, rather poor in 
chromatin, hence staining not very deeply, and usually 
one or more well-marked nucleoli. 

The cell-body, or cytoplasm, contains a greater or 
less number of granules, which stain in a characteristic 
manner, and are named chromophilic granules. 

The nerve-cells vary greatly in shape, occurring as 
unipolar (one pole or projection), bipolar, tripolar, and 
multipolar. 

One of the poles in the nerve-cell, called the axis- 
cylinder process, is enormously extended, and becomes 
the axis-cylinder of the nerve-fiber. 

The other processes of the cell may divide and sub- 
divide until a dense feltwork of interlacing fibers is 
formed about the cell. These processes are called 
dendrites. 

Nerves are principally of two types — those consist- 
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ing of the meduUcded or white, and those consisting of 
the nonmeduUated or gray fibers. 

The medu Hated fiber consists of a very delicate 
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thread, the axis-cylinder, which is continuous through- 
out the length of the nerve, and is in reality a 
prolongation of the nerve-cell. The axis-cylinder is 



the portion of the nerve which transmits impulse 
Ei i vi '](,],i U-- tin- ax is-ry I i in In- is a fatly material (myelin), 
called thi' medullary sheath, or tie white substance 
of Schwann. This medullary sheath begins a short 
distance from the nerve-cell and continues until close to 
the termination of the fiber. 

Surrounding the medullary sheath of the peripbera 
poedullated nerve-fibers is a delicate sheath, called f 
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neurilemma. In the mitral nrrroux .ii/^h-m medullatet] 

fibers in' which lnu-r no uriirlfrimmi. About every 

^tj of an inch in the Bourse of the nerve-fiber l '"-' nell ~ 
r ileii i ma dips ilmni tu the axis-cylinder, thus forming 
periodic constrictions — the so-called nodes of Ranvier. 
At the under surface of the neurilemma are found 
the nuclei, one of which is placed in the center of each 
internodal segment. Special methods of staining dis- 
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close small oblique markings in the white substance of 
Schwann (the clefts of Lantemmnn), the exact signifi- 
cance of which has not been determined. 

In the peripheral nerves the individual fibers are 
held together by fine fibrillse of fibrous tissue, called the 
endoneurium, and grouped into bundles (fasciculi), 
which are surrounded by a denser band of the fibrous 
tissue, which is in connection with that between the 
fibers. 

This tissue surrounding the fasciculi is named the 
perineurium. Numbers of fasciculi are grouped to- 
gether to form the nerve-trunks, as met with in dissec- 
tion, and are bound together by a thick layer of fibrous 
tissue, called the nerve-sheath, or epineurium. 

In the central nervous system the nerve-fibers are 
held together by a specialized type of tissue, called 
neuroglia. This neuroglia tissue is composed of irreg- 
ular cells (neuroglia cells) with very many fine, radiating 
processes, which interlace with the processes of adjoin- 
ing cells to form a dense feltwork. 

NONMEDULLATED NERVE-FIBERS. 

The nonmedullated, gray, pale, or Remains fibei % s differ 
from the medullated principally in that they have no 
medullary sheath, their nuclei are more numerous, and 
the fibers frequently inosculate and have occasional 
fusiform dilatations. 

These fibers occur principally in the sympathetic 
system, although occasional pale fibers are found asso- 
ciated with medullated nerves. 

GANGLIA. 

Fusiform enlargement occasionally occurs in the 
course of some of the nerve-trunks, more especially in 
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the sympathetic nerve and in the sensory nodes of the, 
spinal nerves. 

These enlargements are composed of nerve-fibers, 
connecting with large and rather spheric nerve-cells, 
and are called the ganglia. 

The ganglion cells are distributed mostly in more or 
less longitudinal rows, and usually have two nerve- 
fibers (an efferent and an afferent) connected at one 
pole. Some of the cells, however, are bipolar. 

When a medullated fiber joins a ganglion cell the 
medullary sheath disappears a short distance from the 
cell. In all nerves, however, the neurilemma continues, 
and forms a nucleated sheath for the ganglion cell. 



NERVE-ENDINGS. 

Nerves terminate in one of two ways : 

1. By dividing into fine arborizations, called termi- 
nal plexuses. * 

2. By ending in special structures, called end- 
organs. 

The first type of termination is found in many of the 
sensory nerves of the skin, mucous membrane, and 
cornea. The ends of the fibers may lie between the 
epithelial cells, or may ramify in the basement mem- 
brane. 

Of the end-organs many types are known, occurring 
in the lower animals as well as in man. 

Some of the sensory fibers terminate in crescentic 
cells, called tactile cells. 

In many localities fibers terminate in complex ar- 
rangements of tactile cells, which are then called 
compound tactile cells. Some of the most important 
of these are : 

Oorpu8cles of Meissner, or tactile corpuscles of the skin, 
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which occur in the papillae of the coritim. These con- 
sist of a vertically elongated mass of compressed 
tactile cells, the upper portion of which is just below 
the epithelium and the lower portion of which gives 
entrance to the nerve-fibers. 

The Pacinian corpuscles, or corpuscles of Voter, occur 
in many localities, as in the palms of the hands, the 
soles of the feet, the mesentery, and the genital organs. 
They are the largest of the terminal organs, sometimes 
reaching a size of -£$ of an inch (1.25 mm.). They are 
oval in shape, and consist of a series of concentric layers 
of fibrous tissue and hyaline elastic substance, inclosing a 
small clear space in the center, filled with a transparent, 
jelly-like material. The medullated fiber enters at one 
pole and loses its sheath, the axis-cylinder proceeding 
as a wavy line in the central space. 

The end-bulbs of Krause are found in the conjunctiva. 
They consist of a nucleated capsule, in which the axis- 
cylinder of the nerve-fiber is convoluted. They are 
much smaller than the preceding. 

The genital corpuscles of the clitoris and penis may 
be considered as a compound end-bulb, several end- 
bulbs, each connecting with a separate nerve-fiber, being 
partly fused together. 

Nerve-endings in Smooth Muscles. 

The nerves supplying the smooth muscles are of the 
nonmedullated variety, and are principally derived from 
the sympathetic system. The nerve-fibers break up into 
plexuses of axis-cylinders, which lie in the intercellular 
spaces. From these, fine processes enter the muscle- 
cells and terminate in or upon the nucleus. 

Nerve-endings in Voluntary Muscle. 

Both sensory and motor nerves are found in voluntary 



muscle. Tin-: xrnxriri/ /i7»i.v form a network between t 
muscle- fibers, while the motor fibers enter them. When 
the motor fibers enter ii muscle-fiber, they lose their 
medullary sheath, and the neurilemma blends with the 
sureoluiuma of the muscle. 

The axis-cylinder now spreads out into a tortuous, 
irregularly bullions, branching mass, embedded in a 
soft, nucleated, protoplasmic substance. This is culled 
the sole plate, and lies upon the muscle substance just 
under the sareolemma. 

Every muscle-fiber has one of these nerve-endings, 
and sometimes several. 

Nerve-endings in Tendons. 

Tendons have several types of nerve terminations : 

1. Some medullated libers, after running a short dis- 
tance iu the tendon, terminate in a dilatation closely 
resembling the end-bulbs of Krause. 

2. The tendon spin<ttr.i consist of a dilated fusiform 
bundle of tendon fibers, which is entered by a very 
small medullated nerve-trunk. This nerve divides into 
its ultimate fibril he, which ramify throughout the 
spindle aud terminate in slightly bulbous enlargements, 



QUESTIONS FOR CHAPTER V. 
79. What are nerves? 
ho. What is a neuron? 

81. From what layer of the embryo are the nerves probably 
developed ? 

82. Describe tbe nerve-oell. What are dendrites? 

83. Name the two principal types of nerves, 
ftj. What is Hi.- axis-cylinder? nmliilhirv sheath? nenrilenim 
^5. Ii llic tii'iii'ileiimui ever aliment i n medulla Led fibers? 

it so, where ? 

8<J. What are the nodes of Ban-rfer? I lie clefts of Lanlcrmann ? 
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87. Describe a medullated nerve-fiber. 

88. Where are the nuclei situated ? 

89. How are the nerve-fibers held together, and what are the 
supporting tissues called ? 

90. Describe a nonmedullated nerve-fiber, and tell where they 
occur. 

91. Describe a ganglion. 

92. Name two methods of nerve termination. 

93. What are tactile cells? tactile corpuscles? Pacinian corpus- 
cles? end-bulbs of Krause? 

94. Genital corpuscles ? 

95. Describe the nerve-endings in smooth muscle, voluntary 
muscle, and tendon. 



CHAPTER VI. 

THE VASCULAR SYSTEM. 

The blood-vessels compose a system of closed tubes, 
of mesoblastic origin, which are divided structurally into 
arteries, veins, and capillaries. 



ARTERIES* 

An artery has three coats, called respectively outer, 
middle, and inner. The inner coat, serous coat, or 
tunica intima, consists of a single layer of thin, flat, 
elongated endothelial cells, united by a delicate cement 
substance, which rests upon a subendothelial layer of 
fibrous tissue. Surrounding this layer of fibrous tissue 
is a wavy band of yellow elastic tissue. In the larger 
arteries this elastic tissue forms a thick sheet, in which 
more or less irregular openings occur. It is then called 
the fenestrated membrane of Henle. 

The middle coat, muscular coat, or tunica media, 
surrounds this fenestrated membrane of Henle, and 
consists principally of smooth muscle, most of which 
runs circularly around the artery. Some few fibers of 
fibrous and yellow elastic tissue are also found inter- 
spersed among the muscle-cells, especially in the larger 
arteries. 

The outer coat, fibrous coat, or tunica adventitia, 
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66 THE VASCULAR SYSTEM. 

consists of fibrous tissue in rather dense bundles, with 
occasional fibers of yellow elastic tissue. 

The inner coat presents a smooth surface, which 
offers scarcely any resistance to the blood current. 

The muscular coat is under control of the vaso- 
motor nerve system, and, by contracting or dilating, 
changes the size of the lumen, thereby regulating the 
amount of blood passing through a given vessel. 

The outer coat gives strength to the artery, and 
serves to sustain it in its relations to the adjacent tis- 
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VEINS. 



The veins differ from the arteries only in the rela- 
tively small size of their muscular coat and the large 
amount of fibrous coat. Their walls are thinner in 
proportion to the lumen, and when cut they tend to 
collapse. 




THE HEART. 



CAPILLARIES. 



The larger arteries branch repeatedly until the finest 
arterioles are reached, when they lost: their outer two 
coats ami continue as thin tubes consisting of only a 
single layer of endothelial cells, the continuation of the 
endothelial lining of the larger vessels. Occasionally, 
the endothelial cells do not fit together exactly, and 
small spaces occur, which are filled with cement sub- 
stxinee. These are called stigmata, and are probably 
the first places through which the white blood-corpus- 
clee pass in inflammations. 

The larger vessels are muppUcd with nutrition by 
smaller vessels, which ramify within their coats. These 
have received the name of vasa vasorum. 

Lymphatics also occur in the outer coat of the 
larger vessels, and .some of the smaller blood-vessels are 
completely surrounded by narrow lymphatic spaces — 
the perivascular lymphatics. 



THE HEART. 

The heart is lined by the endocardium, which is 
similar in structure and continuous with the tunica iu- 
tima of the blood- vessels. 

Under tins is the myocardium, or heart muscle, 
which has already been considered. 

The outer surface of the heart is covered by the 
pericardium, a serous membrane containing a i 
brane of fibrous tissue, on the free surface of whieh 
are fiat, irregular endothelial cells. 

The valves of the heart arc broad, flat redupHoaHons 
>>/ the ntifaniMiitui, between the two layers of which is 
a plate of very tough, dense fibrous tissue. 



/ THE VASCULAR SYSTEM. 

/eart contains many lymphatics, some of which 
keen the muscle-fibers ; others are found around 
/mary arteries. 

h meduUated and nonmedullated nerve-fibers occur 
in abundance, the former being chiefly branches of the 
pneumogastric ; the latter, from the sympathetic sys- 
tem. 

Numerous ganglia are also found in the course of the 
nerves. 

THE BLOOD, 

The blood may be considered as a mesoblastic tissue 
consisting of cells with a fluid intercellular substance. 

The cellular elements of the blood are called cor- 
puscles ; the fluid portion, the plasma, or liquor 
sanguinis. 

The principal corpuscles are the colored, the colorless, 
and the blood platelets. Other forms that occur are the 
dust corpuscles, the shadow corpuscles, the microcytes, and 
the spheric red corpuscles. The colored corpuscles, red 
corpuscles, or erythrocytes, are round, biconcave 
discs. When viewed singly under the microscope, they 
have a yellowish-green color, the characteristic red 
color of blood being produced only by the superposi- 
tion of great numbers of cells. Their number varies 
somewhat in different individuals, and is slightly greater 
in the male than in the female. A cubic millimeter 
(ts" °f an mcn ) °f blood in the male will contain, on an 
average, 5,000,000 colored blood-cells, whereas the 
female will average about 4,500,000. 

In man the red cells are singularly regular in size, 
measuring -$^-$ of an inch (7.5 microns) in breadth and 
a ^ ou * iaooo °f an m °k (2.08 microns) in thickness at 
the edge. The thickness of the center depends upon 
the amount of concavity, and varies much in different 



cells. In stained preparations the renter appears clear, 
and is called the "delle." 

Structurally, the colored cells are surrounded by a 
clear, extremely delieate limiting membrane (virtually a 
cell-wall), inclosing tlie body of the cell, the hemo- 
globin, winch is the oxygon-carrying element lu the 
adult uo nuclei are found hi the colored cells, although 
in the embryo and a tew days after birth some nucleated 
red cells occur. When allowed lo remain quietly out- 
side the blood -vessels, they tend to arrange themselves 
into stack, or voujeaux, resembling rolls of coin. 

Action of Reagents. 

Upon the addition of water to the blood the red cells 
swell up until they become spheric in outline, aud lose 
their hemoglobin, which is dissolved out. 

When acted upon by dilitfr stiHiu- wilittions, minute 
spines develop around ihe surface of (he cell, giving it 
somewhat the appearance of a horse-chestnut bur. 
Corpuscles in this condition are said to be crenated. 
If the strength of the solution be increased, the cells 
will eventually shrivel up iuto an unrecognizable mass. 

Almost all arid-*, especially aniii- acid, decolorize the 
cells and cause them to become spheroid in outline. 

T'lnnit- acid in a \f c solution causes the hemoglo- 
bin to escape from the cell and to coagulate in minute 
beads at the edge of (lie limiting membrane. If the 
solution used is too strong, the hemoglobin will be 
coagulated within the cell. 

Colored Corpuscles in Other Animals. 

The red blood-cells of all mammals (with the excejH 
tion of the camel tribe) differ only in size. The mem- 
bers of the camel tribe, birds, and cold-blooded animals 
have oval nui-U-atcd cutored cells. 



THE VASCULAR SYSTEM. 

The following is a table showing the size of the col- 
ed cells in various animals : 



Proteus, 

Newt, 

Toad, 

Shark, 

Snake, 

Lizard, 

Crocodile, 

Ostrich, 

Electric eel, 

Pike, 

Pheasant, 

Perch, 

Pigeon, 

Humming-bird 

Elephant, 

Sloth, 

Whale, 

Camel, 

Man, 

Monkey, 

Guinea-pig, 
Bear, 
Rabbit, 
Cat, 

Pig, 
Horse, 

Sheep, 

Ox, 

Goat, 

Musk deer, 
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9.56 

9.375 

9.2 

8.6 

8.0 

7.6 
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7.0 

6.25 

6.0 
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4orless Blood-corpuscles. 

The colorless corpuscles, white blood-cells, or 
Ukocytes, are briefly described as nucleated cells, 
Waging about 35*00 of an inch (10 microns) in diam- 
WP» containing no cell-wall, and often having the 
WW of spontaneous or ameboid motion from place to 

There are many varieties of colorless corpuscles 



THE BLOOD. 

occurring normally in the blood, 
types are : 

Small lymphocytes. Eosinophilee. 

Large lymphocytes. Basophilias, 

I'olviiiorphomiclear neutrophiles. 

The small lymphocytes form about 20^ of all th< 
white cells. They are the smallest of the white cells 
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measuring only from 3-iiVff tl > tjSt "^ au meo fi~' 
microns) in diameter. 

The nucleus is usually round and surrounded l>v ■ 
relatively small spheric cell-body of dear cytoplasi 

Large lymphocytes constitute about 7 </ r) of the 
white blood-cells. They are much larger than the 
lusl-namcd variety, about -j-g-Vff OI " a " mc '' 0& microns) 
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in diameter, and resemble the small lymphocytes, with 
the exception that the cell-body is proportionately a 
trifle greater. 

Polymorphonuclear neutrophiles are the most 
numerous types of white blood-cells, forming about 
70 °/o of the total number. They are about the size 
of the large lymphocytes. The nucleus is very 
irregularly lobated in outline, often appearing to be 
multiple, but usually these seemingly separate lobes are 
connected by delicate threads of nuclear substance. 
The cell-body is peculiar, in that it contains many very 
fine granules scattered through it, which will stain only 
in a mixture of acid and basic dyes. These cells, as 
well as the next two varieties, possess the power of 
ameboid movement. This ameboid motion is so called 
from its resemblance to the action of a unicellular ani- 
mal — the ameba. The cell so moving first advances a 
small projection of cytoplasm, called a pseudopod, into 
which the rest of the cell slowly flows. By virtue of 
this power of movement the white cells frequently leave 
the blood-vessels and wander short distances in the 
surrounding tissues. The " migratory " cells of white 
fibrous tissue are examples of this. The irregular 
shape of the nuclei in the ameboid cells is probably due 
to the twisting and bending they are subjected to 
through the movement of the cells. 

Those of the white blood-cells which have ameboid 
motion also have the peculiar property of engulfing and 
carrying away certain foreign particles with which they 
may come in contact, and cells may frequently be seen 
with several small particles within their cell-bodies 
which they have taken up. When one of these cells 
comes in contact with a foreign particle, it apparently 
adheres to the particle, and a depression forms in the 
cell at the point of contact. The depression deepens 



and tin? cell-body closes over the top, thus inclosing 
tlie particle. In diseased conditions cells frequently 
are found containing bacteria which they have e 
gulfed ; and when so found, are called phagocytes. 

Eosinophils constitute only about '■"<'/, of all the 
white colls; they are colorless cells, and closely 
serahle tin 1 last-described variety, but differ chiefly in 
the fact that the granules contained in the cell-body are 
much Coarser, fewer in number, and will stain only hi 
acid dyes, such as eosin. 

Basophiles, mast-cells, or mastzellen.aic quite rare, 
constituting only about 0.25 ^ of all the white cells. 

They differ from the nentrophiles principally in the 
fact that their grannies will he stained only in t 
dye. 

The white blood-cells are not so numerous lis fla- 
red, occurring in the ratio of 1 of the former to between 
400 and 600 of the latter. This would make between 
8300 and 12,600 white cells in every cubic millimete 
(■jL of a cubic inch) of blood. The exact munber 
varies with the condition of (he individual, the lime of 
day, and the nutrition. 

Blood Platelets. 

Blood platelets, blood plaques, or third corpuscles, 

are small round or oval bodies, one-fourth the size of 
red blood-cells, which occur in large but varying n 
bors in the blood. They are rather unstable structures. 
and require some tare to see properly. The exact 
function of the blood platelet is at present unknown, 
although it is supposed by many to be related to the 
formation of fibrin. 

The dust corpuscles are small granules, much 
smaller than any of the preceding forms, of an albu- 
minous nature, and have been originally the granules 
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of white blood-cells. The escape and dissemination of 
these granules from both eosinophils and neutrophils 
has been directly observed by Sangree and Leroy. 

Shadow corpuscles are occasionally met with in 
normal blood. They are apparently the remains of the 
limiting membrane of red blood-corpuscles from which 
the hemoglobin has escaped. 

At infrequent intervals red blocxl-corpuscles that are 
either very small (microcytes) or splveric in form may 
be encountered. 

Crystals. 

Hemoglobin easily crystallizes out from dried prepa- 
rations of blood, and then appears as long rhombic 
prisms of a red color. 

Hematin is also met with in dried blood, and occa- 
sionally in abnormal conditions, as a dark brown or 
black pigment. 

Hematoidin occurs as yellowish crystals around 
areas of extravasation of blood, also in pathologic and 
chronic irritations. When treated with ferrocyanid of 
potassium and an acid they give a blue reaction. 

Probably the most important blood crystal is hemin, 
or Teichmann's crystals. They are produced when 
blood, fresh or dried, is heated in the presence of acetic 
acid and salt. They are narrow rhombic plates, of a 
dark brown color, and extremely small. The presence 
of hemin crystals in a material treated as just described 
is a positive test for blood, but will not give any light 
as to what animal it came from. 

Development of Blood-corpuscles. 

The first red blood -corpuscles are derived directly 
from the mesoblastic cells, and are nucleated and color- 
less. These multiply somewhat, and eventually become 
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smaller, lose their nuclei, and acquire hemoglobin. 
Later in fetal life the liver and spleen contribute cer- 
tain of the colored blood-cells. After birth, however, 
the supply is maintained by the direct division of the 
erythroblasts or hematoblasts of the red bone-marrow. 

The colorless corpuscles originate principally in the 
lymphoid tissues and spleen. 

These lymphoid corpuscles become dislodged, and are 
carried along either in the lymphatic stream or, in the 
case of the spleen, in the blood current, and there 
become the small lymphocytes of the blood. The 
probability is that there they undergo further develop- 
ment into the neutrophile (the adult cell), and later 
into the eosinophile (sometimes called an overripe cell). 

QUESTIONS FOR CHAPTER VI. 

96. From what layer of the embryo is the vascular system 
derived ? 

97. Name the three coats of an artery. 

98. Describe the inner coat; the middle coat; the external coat. 

99. How do veins differ from arteries? 

100. Give the structure of the capillaries. 

101. How are blood-vessels nourished ? 

102. What structures compose the heart ? Describe each. 

103. What are the valves of the heart and veins, and describe 
them? 

104. Of what is the blood composed? 

105. Give the size and shape of the colored corpuscles. 

106. Give the number occurring in normal blood, and describe 
the structure of the colored blood-cell. 

107. What action has water upon the colored blood-cell ? dilute 
saline solutions? acids? tannic acid? 

108. Describe the colored corpuscles of birds and cold-blooded 
animals, and name the differences between these and warm-blooded 
animals. 

109. Give the general characteristics of the colored corpuscles. 

5 
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110. Name the varieties of colorless corpuscles and give the per- 
centage of each occurring in normal blood. 

111. Describe the small lymphocytes; large lymphocytes; poly- 
morphonuclear neutrophilcs; eosinophiles; and basophiles. 

112. Wliat is meant by phagocytosis? 

113. Describe the blood plates. 

114. What are dust corpuscles? 

115. What are sluidow corpuscles? microcytes? 

116. What crystals may be obtained from blood ? 

117. What are Teichmann's crystals, and how are they pro- 
duced ? 

118. From what are the red blood-cells developed ? the colorless 
cells? 




The lymphatic system comprises the lyittpk-vemefa, 
the lymph, tlie ij/mph-nodules, tne spleen, the thymic, the 
tmt*U* } and the aeroiut Membrane of cavities. 

The lymph-vessels form a richly branching and 
anastomosing system of tubules, which vary in size 
from 1 mm. (ttj of an inch) to the minutest capillaries. 

The smaller vessels continually join to form larger 
ones, until the thoracic duct is reached, which is of 
considerable size and empties directly into the subcla- 
vian vein, so that the eavilies of the lymphatics are 
continuous with those of the vascular system. In 
structure the lymphatics are similar to the blood- ves- 
sels, the larger ones possessing three co:its, the lymph 
capillaries possessing only one aoat of endothelial cells. 

Frequently throughout the course of the lymph-ves- 
sels folds of the endothelial coat occur, which may be 
reinforced by a layer of fibrous tissue, and constitute 
the valves. 

These valves prevent the blood at the thoracic duct 
from being forced into the lymphatics, and at the same 
time compel the lymph to flow in one direction only. 
The smaller lymph-vessels have irregular dilatations 
throughout their extent, which in a measure serve a 
similar purpose. 

The lymphatics are almost universally distributed 
throughout the body, possibly to a greater extent in 
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fibrous and areolar tissue. Around the nerves and 
smaller blood-vessels they sometimes form an inclosing 
tube, in which case they are called perineurial and 
perivascular lymphatics respectively. 



LYMPH. 

The lymph is a clear, whitish fluid, which contains 
many freely floating cells and fdtty granules. 

The cells resemble the colorless corpuscles of the 
blood, the small lymphocytes, however, being very 
greatly in excess of the other types. The * fatty gran- 
ules are constantly present in varying amounts, but 
are very much increased during and just following 
digestion. 

DIFFUSE ADENOID TISSUE* 

In many areas throughout the body, especially in the 
tunica propria of mucous membranes, as in the lungs 
and digestive tract, masses of adenoid tissue occur. 
This adenoid tissue is formed of a network of fibrous 
tissue and branching connective-tissue cells (retijorm 
tissue), which entangle and support large numbers of 
cells resembling the small lymphocytes of the blood, 
and called in this location lymphoid cells. 

In some places adenoid tissue occurs in small 
amounts, which merge gradually into the surrounding 
tissue without any sharp line of demarcation. 

LYMPH-FOLUCLES. 

In other localities the adenoid tissue may be sur- 
rounded by an envelope* of fibrous tissue, in which a 
few fibers of smooth muscle may bo interspersed, called 
the capsule. 



LYMPH-GLANDS. 

Lymph-glands or lymph-nodes arc aggre^iitif 

of lymph-follicles occurring in the course of lymph- 

vessels. The glands are usually bcan-sliapcd. Tht 

ly i n ]ih- vessels and blood- vessels enter at the centra 



Fig. so.— a. 

ij ui].ii..i(j i.-ii. 




depression, or hilus, from which ]H>int they are distrib- 
uted throughout the structure. 

The capsule is usually well marked, and sends pre 
longations into the substance of the gland, which have 
received the name of trabecule, and which in turr 
divide and subdivide until they eventually become «m- 
tinnous with the retifbrm tissue forming the framework 
of the gland. 



Till-; LVMl'HATIC SYSTEM. 

Ad outer or rwtiotl and an inner or mtdvSary portion 
may be readily distin<;iiish'd. 

The cortical portion is composed of a number of 
dense lymph-follicles, placet! slilc liy side and separate 
from the capsule by a narmw deft, the rircwnferentM 
li/inpli-.tiiui.-', which, however, is frequently bridged I 
small branching nronsses of connective- tissue cells. 




The medullary portion i: 
and combines alternate ba 
so-called lymph-cords, and open spaces, the lymph- 
sinuses, which serve to transmit the lymph. Thcs 
sinuses are frequently traversed by fine fibers of con- 
nective tissue. 

The blood-vessels, after entering at the hilus, break 
up into a rich capillary network, which is principally 



distributed to the adenoid tissue, and reunite to form 
the veins winch leave the gland at the lulus also. 
Occasionally, some small blood-vessels may enter at 
various points on tlie capsule. 

A few nerves may be found, both of the mcdullated 
and the noiniiedullaled varieties. 



The spleen is a lymphoid organ, and differs from a 
lymphatic gland principally in the arrangement of its 
blood supply and in having no medullary pordon. 



/', Mn^g ljll.il Italy. 



It is surrounded by a dense cnpmtle of fibromuscular 
tissue, which sends tralnculte down at right angles into 
the substance of the organ. These trabecule divide 
repeatedly to form the framework of the splenic pulp. 
This framework is filled with lymphoid fells. 

At occasional intervals areas occur in which the 
lymphoid cells are very much more closely packed 
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than usual. These areas are called the Malpighian 
bodies, and give the organ a characteristic appearance. 
The btood-vesxeh enter at the hilus of the organ, and 
proceed for some distance in the trabecule. From 
these, small branches proceed into the adenoid tissue, 
and frequently may be seen in the centers of the Mal- 
pighian corpuscles. Here they divide into very small 
arterioles, some of which open directly into rather large 
blood spaces in the splenic pulp, from which they may 
pass directly into veins without the intervention of true 
capillaries. 




Fig. 23.— Thymus 



Small numbers of lymphatic vessels occur, mostly 
within the connective tissue of the capsule and tra- 
becular, and surrounding the blood-vessels. 

A few iierve-fbers are found, which are principally 
nonmednllated, and are distributed usually to the 
blood-vessels. 

THYMUS. 

In early life (up to the first year) the thymus is 

mostly epithelial in type, but as time goes on this is 

largely replaced by lymphoid tissue. The epithelium 



persists only ;is scattered, small, concentric masses 
(Hassall's corpuscles), containing a dozen or so flat- 
tened epithelial cells. 

The gland is surrounded by a capsule of fibrous tissue, 
which sends Jdwq branch iog trabecular, dividing the 
lymphoid tissue incompletely into follicles. At the 
periphery of the follicles the lymphoid tissue is mure 
densely parked with cells than at the center. This has 
led to a division of the follicles into a cortical (outer) 
and a medullary (inner} portion. " 

Blood-vessels and nerves are found in the trabecular, 
and send fine branches into the lymphoid tissue. 

TONSILS. 

The tonsils are two in number, situated one on each 
side of the base of the tongue. They an 1 composed o£ 
several lymphoid follicles surrounded on their inner 
surface by u capsule of fibrous tissue and on their free 
outer surface by the stratified epithelium of the buccal 
mucous membrane. 

At a number of places on the free surface of the 
tonsils the epithelium dips down into the lymphoid tis- 
sue, forming narrow fissures — the crypts. At these 
places the epithelium becomes infiltrated with lymphoid 
cells, until at the bottom of the crypts it fades away 
into the lymphoid tissue. 

Blood-vessels, lymphatics, and a few nerves supply 
the tonsil and enter the organ through the capsule. 

SEROUS CAVITIES AND MEMBRANES. 

The serous membranes may be considered as the 

greatly expanded walls of lymph- vessels, and the 

serous cavities inclosed as greatly diluted lymph- 



spaces. In structure tin? son his membranes are com- 
posed of a Bingle layer of lliiu, irregular, polygonal 
cells, placed edge to edge and united liy cement sub- 
stance, which rest upon a rather thin sheet of fibrous 
tissue. At irregular intervale small openings occur 
{the stomata), which are the months of lymphatics, 
Occasionally, ;i place is found at which the endothelial 
cells do not "match up" well. These spaces thus 




formed are filled up by cement 
called the pseudostomata. 

The principal serous membranes 
p&ura, pericordum, and peritonew 
■inembntix-y of t/ir tendons ami joint*. 

Structurally, the internal lining ■ 
sels, and lymphatics would also coi 



if the body arc the 
, and the synovial 

f heart, blood-ves- 
te under this head. 



MUCOUS MEMBRANES. 

All cavities anil passages in connection with the 
external air are lined with mucous membranes. 

These consist of two essential parts — an epithelial 
covering and a subepithelial fibrous Boat, 

The epithelium may be either stratified or columnar, 
MOOrding to its location. Immediately under the epi- 
thelium the fibrous coat is usually specialized into a 
clear thin layer, called the " basement membrane." 
Beneath the basement membrane, within the subepithe- 
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Fig. IB.— Types (if elLLinis: .7, Simple 1uln.il.u-: I., p.,nnrl tulmkir : r, rtiil.il 

lial fibrous tissue, in some localities B thin layer of 
smooth muscle — the muscularis mucosa: — occurs. 

Along the course of the mucous membrane numerous 
glands occur. These are devices whereby a huge 
secreting surface may be made to open upon a compara- 
tively small area, and consist virtually of more or less 

< [ilex invaginations of the epithelium. 

Several types of glands are recognized : 
i. Simple tubular glands are straight, narrow de- 
pressions into the subepithelial tissue, which arc walled 
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by specialized epithelium continuous with that of the 
free surface. Examples of this type are found in the 
cardiac end of the stomach and in the crypts of Lieber- 
kiihn of the small intestine. 

3. Compound tubular glands are similar in struc- 
ture to the simple tubular, but branch. In some 
instances these branches divide and subdivide, produc- 
ing an arborization of tubules all discharging their 
secretions eventually into the common duct. The 
glands of the pyloric end of the stomach and the mam- 
mary gland may be taken as examples. 

3. Coiled tubular glands differ from the simple 
tubular only in the fact that they run a tortuous, 
usually spiral course. The sweat-glands are examples 
of this type. 

4. Simple saccular glands are small, spheric cavi- 
ties lined with secreting cells and having a small open- 
ing at their outer poles through which the secretion 
may be discharged upon the free surface. This type of 
gland may be said not to exist in the human body, but 
it occurs frequently in the lower forms of life, although 
some writers class the follicles of the ovary under this 
head. 

5. Compound saccular, alveolar, or racemose 
glands resemble the compound tubular gland in ar- 
rangement, but the terminal secreting portion of the 
tubules dilates into saccules. The larger sebaceous 
glands and the lungs are constructed after this type. 

QUESTIONS FOR CHAPTER VH. 

119. What structures and organs are comprised in the lymphatic 
system? 

120. Describe the lymph-vessels. 

121. What are perineurium and perivascular lymphatics? 

122. Name and describe the cells occurring in the lymph. 
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123. Describe diffuse adenoid tissue. 

124. What are the lymph-follicles ? 

125. What are the lymph-nodes ? 

126. Describe the structure of a lymph-node. 

127. To what system does the spleen belong ? 

128. Describe its capsule and trabecule. 

129. Describe the Malpighian bodies of the spleen. 

130. Describe blood and nerve supply. 

131. Describe the thymus. What are Hassall's corpuscles? 

132. What are the tonsils ? Describe their structure. 

133. What are serous membranes? 

134. Where do they occur and what is their structure ? 

135. What are mucous membranes, and where do they occur? 
Describe their structure. 

136. Name the types of glands and describe each. 



CHAPTER VIH. 

THE DIGESTIVE TRACT* 

The mouth is lined with mucous membrane, com- 
posed of stratified epithelium, upon the surface of 
which open the excretory ducts of numerous branched 
tubular glands. At the junction of the epithelium and 
the submucous tissue an irregular outline is presented, 
the projections of submucous fibrous tissue being called 
papillae. 

The tongue consists of a mass of voluntary muscle- 
fibers, running in various directions, surrounded by a 
layer of areolar tissue (the submucosal and covered 
with stratified epithelium (the mucosa). 

The muscular portion is made up of the geniohyo- 
glossus, lingualis, and styloglossus muscles, and pre- 
sents fibers running longitudinally, transversely, and 
vertically. 

The submucous coat at its outer surface is thrown 
into marked papillae, which are covered closely by 
epithelium. 

Three types of papillae are recognized : 

i. Filiform papillae, by far the most numerous, are 
narrow, conoid projections, which may have at their 
outer surface a number of smaller projections, called 
secondary papillae. 

2. Fungiform papillae, not. quite so numerous as 
the former, are larger, their bases are somewhat con- 

78 



Stricted by the epithelium, and they contain secondary 
papillae on their sides as well as at the outer surface, 

3. The circumvallate papilla; are the largest and 
broadest of the three types. They occur iu smaller 
number-, and are usually found at the posterior por- 
tion of the tongue. They contain secondary papilla; at 
the top. At the sides, the epithelium dips down to 
form furrows or crypts, which make the papilla) appear 
to stand out from the surrounding tissue. 

Embedded iu the epithelium at the sides of the cir- 
cumvallate papilhe are the tasfo&uds. 



Flu. M.— Tongue: n, Filiform paiulltn; (.. tilifi.nu |W|, ill, i.i with swrairlmr 
papilla; s, fungiform papillus; it, cir.uinuillati' papains; B , laste-lmil. 

The taste-buds are the seat of the sense of taste, 
and consist of several long, spindle-shaped, ueuro-epi- 
thelial cells (the gn-*i<itori/ re/In), with elongated nuclei, 
wliieh are surrounded by a layer of slightly flattened 
cells (the eortical or teijment cdk), the whole forming 
small flask-shaped I todies, which are usually grouped 
side by side, vertical to the epithelial surface. 

Besides the foregoing structures, the tongue contains 
a vertical partition, mnstlv of fibrous tissue (the septum 
luiiji'nln-), which divides it iuto. laterally symmetric 
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halves. Numerous mucous and serous glands also 
occur in the submucous tissue. 

The tongue is richly supplied with lymphatics, the 
larger vessels being situated deeply, the superficial ones 
forming a plexus under the mucosa and sending small 
branches up into the papillae. Numerous lymph-folli- 
cles and areas of diffuse adenoid tissue occur in con- 
nection with the lymphatics, being especially numerous 
at the root of the tongue. 

The blood supply is very abundant, plexuses of 
small arterioles occurring throughout the submucosa 
and sending branches into the papillae and around the 
numerous glands. 

The mucous membrane is richly supplied with 
nerves, both sensory and taste. They are mostly nied- 
ullated fibers from the glossopharyngeal and lingual 
nerves. Numerous ganglia also occur along the course 
of the former. 

THE TEETH* 

Although the teeth vary considerably in shape and 
in general appearance, the same general structure is 
found in all. 

The outer or exposed part of the tooth is called the 
crown ; the portion embedded in the socket is called 
the fang. Between these, at about the edge of the 
gum, is a slightly constricted portion — the neck. 

The main bulk of the tooth is composed of the 
dentin, or ivory. This gives the form to the tooth, 
and incloses the pulp-cavity, which contains the pulp. 

At the crown the dentin is covered by the enamel. 
At the fang it is covered by the cementum, except at 
the apex, where a minute canal penetrates to the pulp- 
cavity. 

The dentin is composed of a hard, white, apparently 



homogeneous matrix, in which are numerous small (25 
microns = -nfVtr of an inch) canals — tin.' dentinal 
tubules. These dentinal tubules originate in the pulp- 
cavity, and run a wavy course, more or less til right 
angles to the inner surfaer, through the dentin, and 
terminate at the juncture of the dentin and the enamel 
or ceiuentum in irregular dilatations, called the inter- 







globular spaces. Along their course many communi- 
cating branches occur, uniting the dentinal tubules. 
That portion of the matrix which forms the wall of the 
tubules being harder and denser than the main body, it 
has received the special name of dentinal sheath. 

Tiie enamel consists of closely arranged columns 
(the enamel prisms), running vertically to the free 
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surface of the tooth, and held together by a very small 
amount of resistant, clear, cement substance. When 
isolated, these prisms are found to be four- to six-sided, 
and have a slightly irregular outline. 

At the dentinal border of the enamel there occasion- 
ally occur between the enamel prisms small canals 
which open into the interglobular spaces. 

At birth the enamel is covered by a thin membrane, 
the enamel cuticle, derived from the epithelial cells 
of the enamel organ ; this, however, soon wears off. 

The cementum consists of concentric layers of 
osseous tissue containing many lacunae, with their radi- 
ating canaliculi, which contain bone-corpuscles and 
communicate with the interglobular spaces. 

Haversian canals are absent, excepting occasionally 
in the thickest portions. 

The cementum is surrounded by a dense layer of 
connective tissue (the periodontal membrane), which 
is virtually a periosteum. 

The tooth-pulp is a mass of undeveloped connec- 
tive tissue, consisting mostly of stellate or irregular 
connective-tissue cells, with nerves and blood-vessels, 
which fill the pulp-cavity. 

The portion of the pulp in contact with the den- 
tin is made up of elongated cells (the odontoblasts), 
which send long processes into the dentinal tubules. 

These processes usually extend the whole length of 
the tubule, and are called the dentinal fibers. 

The Development of Teeth. 

Both the epiblast and mesoblast contribute to the 
formation of the teeth. 

The epithelium over the primitive jaw becomes 
thickened, and grows down into the subjacent tissue to 
form the dental ridge. From the lower outer border 



(if this, flask-shaped masses dt' cells (dental bulbs) 
grow (one for each milk-tooth), which subsequently 
become hollow on their under surface anil cover a oo» 

niiiil upgrowth nt' i' a dive-tissue cells (tin.' juipit/ii"). 

The dental bulbs continue to exjum<1, their inner sur- 
faces assuming the form of Hie erown of the tooth; ami 
the inner layer of cells becoming enbiLiinar. 

Each of these columnar cells secretes an enamel 
prism, and the bulb is now called the enamel organ. 
While this has been in progress, the outer cells of the 
papilhe have elongated to form the oiht»liJilntt(.i, which 
deposit the dentin. Thus it will be seen that the 
enamel is de|Hjsiti<l outward, the dentin inward. The 
remains of the papilla? become the tooth-pulp. 

The permanent teeth are developed similarly from 
secondary dental bulbs springing diagonally downward 
from the neck of the milk-tooth bulbs. 

The ccmcntuin is deposited later by the alveola* 
periosteum. 



THE ESOPHAGUS. 

The esophagus lias four layers — mucous, submu- 
cous, muscular, and fibrous. 

The mucous coat consists of stratilied epithelium 
resting upon a basement membrane winch is thrown up 
into papilla 1 . At the outer edge of the basement mem- 
brane is found a very narrow layer of smooth muscle 
— the muscular is mucosa;. 

The submucous coat is of loose fibrous tissue, 
and contains numerous blood-vessels, lymphatics, and 
nerves, besides scattered mucous elands, which dis- 
charge into the lumen of the esophagus. 

The muscular coat consists of two layers — an inner 
(circular) and an outer (longitudinal) — throughout its 
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length, the upper third being composed of voluntary 
muscle-fibers, which are gradually replaced below this 
point by smooth muscle. 

The fibrous coat is a thin layer of rather dense, 
white, fibrous tissue, which may also contain a few 
fibers of yellow elastic tissue. 




THE STOMACH. 

The stomach presents two portions for considera- 
tion : viz., the cardiac or upper and the pyloric or 
lower ends. 

The cardiac end of the stomach comprises four 
coats — mucous, submucous, muscular, and serous. 

The mucous coat is continuous with that of the esoph- 
agus, and, like the latter, lias a basement membrane 



and muscularia mucosa?. The epithelium, however, is 
thickly studded with .simple tabular glands, opening 

ii|iun tliu free surface, hi these glands two types of 
eells are found— <■/</</ or jirplit; and /■uric!"/ or arid. 
The chief eells, which are more numerous and smaller, 
were supposed to be the pepsin-secreting elements. 
The parietal eells are relatively large, and have well- 
marked, large eell bodies, which slain deeply i" almost 
all Etnilin stains. They were supposed to lie the liydro- 
cldoric-aeid-seereting ■■lenient. 




The submucous eoat consists of loose fibrous tissue 
containing many blood-vessels, lymphatics, and nerves. 

Occasionally, small areas of dirl'us leuoid tissue may 

occur. Tliis eoat is frei|uently thrown into ridges 
carrying the mucous eoat above it and forming the 
ruga?. 

The muscular emit consists of three layers of smooth 
museular fibers — an inner i-in-uhr, a middle luiujihuH- 
iml, and an outer hir<>uqi(rlr iJi/h/ttr layer. 

Tin serous ecat is a reflection of the peritoneum, and 
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is made up of a delicate sheet of fibrous and yellow 
elastic tissue, covered on the outer side by a single 
layer of endothelial cells. 

The pyloric end of the stomach differs from the 
cardiac end chiefly in the mucous and muscular coats. 

The glands studding the mucous coat (pyloric glands) 
are slightly further apart than in the cardiac end. They 
are further characterized by branching at their lower 
ends, to terminate in two or three tortuous offshoots. 
Only one type of cell is present in these glands, the 
parietal or acid cells being confined entirely to the car- 
diac portion. 

The outer or oblique muscular layer is usually en- 
tirely absent also. The masses of adenoid tissue in the 
submucosse (solitary follicles) are usually a trifle more 
numerous here than in the cardiac portion. 

THE INTESTINES* 

The intestines contain four coats throughout their 
entire length : viz., mucous, submucous, muscular, and 
serous. The mucous coat is frequently thrown into 
transverse ridges, which are called the valvulce conni- 
ventcx. Structurally, we may recognize the duodenum, 
small intestine, large intestine, and appendix. 

The small intestine has projecting from its mucosa 
small, finger-like projections, called the villi, which are 
often club-shaped. These villi are covered with a 
single layer of columnar epithelial cells, which often 
exhibit the goblet form. Dipping down into the sub- 
mucous coat from between the villi are simple tubular 
glands, the crypts of Lieberkuhn, which secrete the 
succus entericus. 

Directly under the epithelium is a flat layer of con- 
nective-tissue cells, called the endothelium of Debove, 



which in turn rests upon a metnbrana propria of fibrous 
S&BUe, At the iuner border of this is the muscuiaria 
UuooBBB, which extends throughoul 1 1 n • intestine. 
Within the villi is found a small lymphatic radical 
(tin; lacteal) surrounded by ;i network of capillaries, 





Tin- itdcmiid tissue is cs]M'('iailv well developed in 
the small intestine, lymphoid follicles frequently ooal- 
Cecing to form the agminated follicles, or Peyer's 
patches. 




THE DIGESTIVE TRACT. 

The submucosa of the intestine is similar to anil 
continuous with thai of the stomach. 

The muscular coat consists of two layers of smooth 
muscle, an inner circular ami an outer longitudinal, 
continuous with the inner two muscular layers of the 
stomach. 

The duodenum differs from the other parts of the 




II intestine in having the duodenal glands, or 
Brunner's glands. 

These are good-sized, very compound, tubular glands, 
situated in the submucosa, which communicate with the 
lumen of the intestine through a slender duet, which 
discharges the secretions between the villi. 

The large intestine differs from the small chiefly 



in the afumce of (As villi. The crypto 01 Lieberklihn, 
however, persist, but are rather short and well sep 
rated. At the onus the epithelium becomes strati- 
fied. 

The appendix vermiformis may be considered t 
miniature small intestine. 

The crypts of Lieherkului are short and thickti 
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arranged. The adenoid tissue is very abundant, and 
frequently forms a complete none in the submucoaa. 

The M'uif fnij)j,!i/ ..I' Imtli stomach and intestines fi>l- 
lows tlir same plan. The afferent arteries pierce the 
outer two eoate and give off large branches in the sub- 
inueusii. From these, two sels nf ca|iill:irii'S iiriiiiimie, 
one supplying the muscular nui! serous m;its, tin- utln 



being distributed to &e mucosa, whew it forma a sub- 
epithelial network ami also surrounds ihe glands. 

The nerves, which are both mcdullated and nonmed- 
ullatcd, pierce the serous coat and the outer muscular 
cosi and form a complex network between the longitu- 
dinal and circular muscular coals, beset with micro- 




scopic ganglia. This network is called the plexus of 
Auerbach, and sends branches to the serous and outer 
muscular coats. Numerous branches are also given off 
to the submucosal, whore they form another finer net- 
work (the plexus of Meissner), which in turn gives 



lijfutphatux are very plentiful, beginning as blind 
canals situated between the. glands, as lac teds within 
the villi, around the lyniph -follicles, and in the muscular 
tissue. These canals communicate with a large plexus 
■ it* moderate-sized lymph-vessels, which accompany the 
bli ii »1- vessels in the subiiiueosn, and eventually pierce 
the muscular and scrolls coats to run within the peri- 
toneal cavity 

THE LIVER. 

The liver is composed of five lobes, which are en- 
veloped by a thin covering of fihrou." fUsue. 

This fibrous tissue, which is very scanty and incom- 
plete in man, but well marked in the bog, extends 
from the surface down through the substance of the 
organ (the capsule of Glisson), dividing it up into 
irregular lobules, which appear roughly hexagonal in 
sections. 

The lobules are composed of tortuous rows of poly- 
hedral, granular cells (hepatic cells), radiating from 
the center toward the periphery of the lobule. 

The liver receives blood from two sources : viz., the 
portal i'i-iii and the lif/inlir ttrtwif. These vessel- ■ i lTh -l" 
the organ at the transverse fissure and divide into small 
branches, which run between the lobules in the capsule 
Of GliasOn and are called the iiiter/o/iuhir tttMM and 
'arteries respectively, 

The interlobular rrin DOW sends a network of capil- 
laries (the iulii'bibiihn- rttfir/liirirx) between the rows of 
hepatic cells, to collect again in a small vein at the 
center of the lobule (the central or fafrofofcufew wwi). 

TKb interlobular brandkea of the hfyatie artery divide 
up into capillaries, which arc distributed to the fibrous 
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structures in the capsule of Glisson, and eventually 
enter directly into the intralobular capillaries, so that 
the blood in the central vein is really a mixture of 
that brought to the liver by both the hepatic artery and 
the portal vein. 

A number of central veins unite from larger veins 
(the sublobular veins), and these in turn unite to form 
the hepatic veins, which conduct the blood from the 
liver to the vena cava. 

Between the individual liver-cells in the center of 
the radiating columns are minute branching vessels (the 
bile capillaries), which run to the periphery of the 
lobules and there empty into the interlobular bile-ducts. 
These accompany the interlobular arteries and nerves 
in Glisson's capsule, and the three vessels, with their 
surrounding fibrous tissue, are termed the portal canals. 
The bile-ducts constantly join other bile-ducts, until 
they finally leave the liver by two large ducts, which 
fuse to become the hepatic duct. 

The bile-ducts are lined by a single layer of columnar 
epithelium, surrounded by a wall of fibrous tissue in- 
terspersed with fibers of yellow elastic and smooth 
muscular tissue and supported by some loose areolar 
tissue. 

The lymphatics of the liver accompany the blood- 
vessels as perivascular spaces, the superficial lymphatics 
occurring around the vessels of the capsule. The deep 
plexus surrounds the interlobular vessels, and possibly 
the intralobular capillaries. 

The nerrcs of the liver are both medullated and non- 
medullated. They follow the course of the hepatic 
artery in the capsule of Glisson. Small ganglia occa- 
sionally occur near the edge of the lobule, but the exact 
termination of the fibers is not known. 

The gall-bladder consists of three coats. The 



inui'uuit ur hilmiti/ r""/ is composed of eolnmnar epi- 
thelium continuous with that of the hepatic duct. Ex- 
ternal to this is the mitiillr or fhrixts niuf, winch, besides 
white fibrous tissue, contains numbers of longitudinal 
ami transverse smooth muscle-fibers. 

The outer or aeroue coat is derived from the peri- 
toneum, 

The inner surface is thrown into small ridges, called 
ruga?, ami is usually covered by a viscid secretion from 
the mucous lining. 

THE SALIVARY GLANDS. 

The salivary glands arc the parotid, the submaxil- 
lary, ami the sublingual glands, and the pancreas. 
They all belong to cither the compound tubular or the 
racemose type of gland, and are surrounded by a oop- 
xiik of film his tissue, which sends sepia down into the 
glands, dividing it into lobes. The lobes are further 
subdivided by smaller septa of fibrous tissue into 
lobules. The mam dud of the gland enters at the 
hilu in and divides into numerous branches, one of which 
is distributed to each lube (the interlobar • luet). These 
further divide, sending a branch (the interlobular riueU) 
to each lobule, where they again divide into the wrfra- 
lobuhir iltret*, or su/iran/ tube* 'if l'jtiit/n; which in turn 
continue for a way as the inlvrmnlinir (ultra, and termi- 
nate in the secreting [Mirtion of the gland, the acini, or 
alveoli. 

All the fhwtx arc lined with a layer of columnar epi- 
thelium, which rests on a basement membrane. In 
some of the main duets a second layer of low cells is 
found between the columnar cells and the basement 
membrane. External to the basement membrane is a 
fibrous eoat, which may contain some fibers of yellow 



elastic tissue ami, in the larger duets, smooth muscle- 
fibers. 

The aviui vary in diftV-ivnt. glands from saccular to 
club-shaped or tubular. They are lined by a single 
layer of epithelial cell.-, broader and larger than those 
lining the duets, which rest upon a nienihrana propria, 
or basement membrane, 

According to the character of the sevreliov and the 




r/fnrnil /structure of the acini, the salivary glands are 
divided into the sermie, mucous, ami mi.ml (/lands. 

The serous glands secrete a thin, watery, albumi- 
nous saliva. The alveoli are usually small and of the 
tabular variety. 

The cells are opac|iie and markedly granular, and 
rest upon a relatively small Ivasenicnt membrane. The 
nuclei are usually round, and are placed about one-third 



tliv width (if tin' cell from the basement membrane. In 
the true serous glands the " demilunes" are absent, 

The mucous glands secrete a thick, viscid fluid 
(anions). The alveoli are usually larger tli:in those in 
the senilis glands, ami aiv saccular or flask-shaped. The 
fW/.v are larger, transparent, but slightly granular, have 
a well-developed basement membrane, and stain but 
slightly. The nuclei are usually flattened, and are 
placed close to the basement membrane. 

In many alveoli we find, iK/.-iib's tin- large clear cells 
just described, thin, granular cells, or groups of cells, 
crescentic in form, and situated at the periphery of the 
acini, against the hnsement membrane. These usually 
have a spheric nucleus, and are known as the nVmtntttM 
of Hadenktiiii, »r the cr-wi,/* nj (itVmum 

The mixed glands, or seromucous glands, may 
have some acini of the serous type and some of the 
mucous, or some acini may contain cells of both kinds. 
It has been claimed that flic demilunes eould be con- 
sidered as representing occasional serous cells situated 
peripherally in a mucous gland. 

The blond inp/i/y of the glands is very abundant, the 
arteries accompanying the excretory duets to a point 
near the acini, where they braneh into a network of 
capillaries, whieh closely surround the basement mem- 
brane of the aeini, and reunite to form the veins, whli ' 
return parallel to the arteries. 

The /"/■<•/<■/■ himplntfir rennet* are found with the arte- 
ries in the interlobular connective tissue. These send 
along the course of the ducts branches which terminate 
in numerous irregular clefts or spaces around and be- 
tween the acini. 

Nerves are plentiful, and consist of medulla ted and 
lion med it Hated fibers, with numerous small ganglia. 

The ultimate distribution of the nerve filaments is 
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unknown, having been traced positively only as far as 
the basement membrane of the alveoli. 

The Parotid Gland. 

The parotid gland is a typical serous gland, and pos- 
sesses the characteristics previously described under 
that head. 

The excretory duct (Stenson's duct) is large, has 
thick walls of fibro-elastic tissue, and is lined by a 
double layer of epithelium. Its smaller branches are 
lined with a single layer of columnar cells, which pre- 
sent a distinctly striated appearance at their free edges, 
and are hence called rod epithelium. 

Between the intralobular ducts and the acini inter- 
mediate or intercalated tubules occur. These are small 
tubules lined with flattened cells. 

The Pancreas. 

The pancreas is a gland of the serous type, and re- 
sembles the parotid gland so closely as to have been 
called "the abdominal salivary gland." It differs, 
however, from the parotid in the following features : 

The pancreatic duct (or main duct of the gland) 
branches directly to form the intermediate tubules with- 
out the intervention of the intralobular ducts, or sali- 
vary tubes of Pfltiger, which in the parotid are lined 
with rod epithelium and are quite prominent. 

The acini are longer and narrower, as a rule, than 
those of the parotid. 

The secreting cells are more columnar, narrower, and 
their nuclei are usually slightly farther from the per- 
ipheral edges of the cells. 

The cells also contain distinct, highly refracting 
granules (the zymogen granules), situated mostly at 
the margin of the cell-body next to the lumen. Tlie 
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number of granules and the extent of the granular zone 
in the cell depend upon the state of activity of the 
gland, being least in evidence just as digestion begins. 

The development of the pancreas is not homogeneous, 
but throughout the organ are found certain small, 
denser areas, well supplied with blood-vessels, which 
are undeveloped lobules or acini. 

These areas possess vaguely the type of the rest of 
the organ, and have received the special name " bodies 
of Langerhans." 

The Sublingual Gland. 

The sublingual gland in man affords a typical exam- 
ple of a mucous gland, having all the characteristics 
previously described under that head. 

Its main duct, the ductus sublingualis, or duct of 
Stenson, is lined with a double layer of columnar epi- 
thelium, which rests upon the usual membrana propria 
of fibro-elastic tissue. 

This duct branches to form the intralobular or 
mucous tubes, which pass directly into the acini, there 
being no " intermediate " tubules in this gland. 

The fibrous tissue between the acini is quite scanty, 
and usually contains many wandering connective-tissue 
cells. 

The Submaxillary Gland. 

In man the submaxillary gland is of the mucoserous 
or mixed type. The main duct, or duet of Wharton, 
divides in the usual manner until the intermediate 
tubules are reached, some of which terminate in the 
acini of the serous type ; others, in the acini of the clear 
mucous type. 



98 THE DIGESTIVE TRACT. 



QUESTIONS FOR CHAPTER VIII. 

137. Describe the mucous membrane of the mouth. 

138. Of what tissue is the tongue composed ? 

139. Name the types of papillae in the tongue. 

140. What are the taste-buds? Describe them. 

141. What is the lymphatic supply of the tongue? the blood 
supply ? the nerve supply ? 

142. Describe the gross structure of the tooth. 

143. What is dentin ? Describe it. What is the enamel ? the 
cementum ? the tooth-pulp ? 

144. What layers of the embryo contribute to the development 
of the teeth ? 

145. What is the dental ridge ? 

146. What are the odontoblasts? 

147. Describe the process of tooth development. 

148. Name the four layers of the esophagus. Describe each. 

149. What two portions of the stomach are considered histolog- 
ically? 

150. Name the four layers of the stomach. 

151. Describe the mucous coat of the cardiac end of the stomach ; 
the submucous coat; the muscular coat ; the serous coat. 

152. How does the pyloric differ from the cardiac end of the 
stomach ? 

153. Name the four coats of the intestine. 

154. What portions of the intestine do we recognize structurally ? 

155. What are the villi ? 

156. What are the valvulse conniventes ? 

157. Describe the mucous membrane of the small intestine. 

158. What is the endothelium of Debove ? 

159. What are the lacteals ? 

160. What are Peyer's patches ? 

161. Describe the submucous coat of the small intestine. 

162. What are crypts of Lieberklihn ? 

163. Describe the muscular coat of the small intestine. 

164. What are Brunner's glands, and where do they occur ? 

165. How do the large intestines differ from the small ? 

166. Describe the structure of the appendix vermiformis. 
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167. Describe the blood supply of the stomach and the intes- 
tines; the nerve supply; the lymphatics. 

168. Into what is the liver divided ? 

169. What is the capsule of Glisson, and of what is it composed ? 

170. Of what are the lobules composed ? 

171. Describe fully the blood supply to the liver. 

172. Where do the bile capillaries originate? Describe their 
course. 

173. Describe the portal canal. 

174. Describe the structure of a bile-duct. 

175. Describe the lymph supply of the liver. 

176. Describe the nerve supply of the liver. 

177. Describe the structure of the gall-bladder. 
\ 178. Name the salivary glands. 

179. Outline their general structure. 

180. What is the main duct? What are the interlobar ducts? 
the salivary tubes of Pfluger ? the intermediate tubes? the alveoli ? 

181. What is the structure of the ducts? 

182. What is the characteristic of a serous gland ? of a mucous 
gland ? of a mixed gland ? 

183. What are the demilunes ? 

184. Describe the blood supply of the salivary glands; the 
lymphatic supply; the nerve supply. 

185. Describe the special characteristics of the parotid gland. 

186. Describe the special characteristics of the pancreas. 

187. What are the bodies of Langerhans ? 

188. What type of gland is the sublingual ? Describe it. 

189. What type of gland is the submaxillary ? Describe it. 



CHAFrER EX. 

THE URINARY TRACT* 

The kidney is covered by a capsule of fibrous tissue, 
and ii]H)ii longitudinal section is seen to be composed of 
two distinct portions. 

The outer or vortiml portion is granular in appear- 
ance and comprises about one-third of the organ. The 
inner or medullary portion constitutes the remaining 
two-thirds of the organ, and is seen to be composed of 
a number (from ten to fifteen) of pyramidal masses (the 
pyramids of Malpighi), with their bases at the inner 
edge of the cortex, and their apices pointing into the 
sinus, constituting the papilkv. 

They are finely striated radially, owing to the alter- 
nate arrangement of the uriniferous tubules and blood- 
vessels which compose them. Usually small extensions 
of cortical substance, called the cortical columns, or 
columns of Bertini, project down between the pyra- 
mids of Malpighi, separating them one from another. 

At intervals along the junction of the cortex with the 
Malpighian pyramids projections from the latter extend 
into the cortical substance. These are called the 
medullary rays, or pyramids of Ferrein, and consist 
of continuations of the striatums composing the Malpig- 
hian pyramids. That portion of the cortex situated 
between the pyramids of Ferrein has received the name 
of the labyrinth, on account of the tortuous course 
which its component tubules take (being composed 
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URINIFEROUS TUBULES. 

chiefly of tlit: first and second convoluted tubul 
description of which follows). 

At the side of the kidney opposite the cortex thcr 
is a marked depression, called the hilum, ;il whieJ 
point it flares out into a fiinnel-sliaiHsd tube (the pelvis) 
and expands into a centra] cavity, called the sinus. 
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The sinus has several Iminrlics or divisions, into whicl 
project the papilla (the infundibuUe, or calyces). 

URINffEROUS TUBULES. 

The histologic units of the kidney are the nrinifen 

tubules. These tubules begin as rinsed, spheric expai 
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sions (the glomeruli or Malpighian bodies) in the 

labyrinth of the cortex. At the end of the glomerulus 
a slight constriction occurs, called the neck. Next the 
tubule increases in size slightly and pursues a wavy 
course, entering the area of the medullary ray (the 
first or pyramidal convoluted tubule). Here it 
turns downward in a spiral course (the spiral tubule), 
until it reaches the lower border of the medullary ray, 
and enters one of the Malpighian pyramids. At this 
point the diameter becomes much smaller and the tubule 
descends in nearly a straight line as the descending limb 
of Henle's loop. When well down in the Malpighian 
pyramid, the tube expands somewhat, and then turns 
abruptly upward (the loop of Henle) and ascends in a 
straight line, nearly parallel to the descending tubule, 
until it is well up into the medullary ray (the ascending 
limb of the loop of Henle), when it expands still more, re- 
enters the labyrinth, and follows a very irregular course 
for a short distance (the irregular or zigzag tubule). 

The convolutions of the zigzag tubules become more 
regularly curved (the second or distal convoluted tube), 
and the tubule again enters the medullary ray. Here 
it forms a slight arch (the arched collecting or junctional 
tubule) and joins a large collecting tubule or the tubule 
of Bellini, which runs straight down toward the pelvis 
of the kidney, joining other similar collecting tubules 
to form principal tubules, several of which unite to form 
a papillary duct, which terminates at the end of one 
of the papillae. A single papilla will contain about 
two hundred papillary ducts. 

A Malpighian body is composed of a small afferent 
arteriole, which immediately branches into a spheric 
tuft of capillaries, which reunite to form one or, rarely, 
more efferent arterioles, which emerge beside the affer- 
ent vessel. 



Closely surrounding this tuft and dipping down be- 
tween the capillaries is :i thin layer of fibrous tissue 
called tlit' cajixidt: of Bowman, which serves as a base- 
ment membrane fur a layer of flat Cells, which are con- 
tinuous with the cells lining the uiiniferoua tubules. 
At the upper part of the Malpigluan body, where the 
arteriole enters, the capsule of Bowman, with its layer 




of cells, bends sharply around upon itself, and descends, 
inclosing a very narrow space, which is the beginning 
of the lumen of the tubule. The tuft, therefore, lies 
entirely on the outside of the tubule, as though it had 
been thrust into a hollow sphere, causing one side to be 
invaginated into the other. 
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The itr in if >youx tubufi'K are surrounded by a basement 
membrane, continuous with the capsule of Bowman, 
upon which, internally, rests :i single layer of epithelial 
sells, continuous with those lining the Malpigliinn body. 
The size and character of these cells vary according to 
the part of the tubule in which they are found. The 
ijliiuu-nihiK is about 0.2 mm. (yts of an inch) in diameter, 
the cells lining it being mjiiuuious. At the neck the 
diameter diminish-.- to "Jo microns ( T( / (Tfl - of an inch), 
the epithelium being of a low cuboid form. The 
proximal and distal convoluted tubules are similar, 
being 50 microns { 5 J-]j of an inch) in diameter and 
lined with columnar cells. These cells are of moderate 
size, bring about 1.2.5 microns (' ., ^ (i of an inch) high. 
In favorable preparations they are seen to contain line 
striatums at the outer border, and to be finely granular 
in that portion next to the lumen. The spiral tuhuie 
diminishes slightly in size to 40 microns (-/^j of an 
inch) ; the epithelium resembles that of the convoluted 
tubules, with perhaps a slightly plainer striatum. The 
epithelium at the •icM-nn/in-/ limb <•/ Hen/eKi loop be- 
comes very much flattened, being only about 3 microns 
(Wot °f an hieh) in thickness, the total diameter of 
the tube at this place measuring about 10 microns 
(TffVr "f a " bnch). In the loop and oxraxiiwj limb of 
Berue the cells increase in size to )> microtia (^(nr of 
an inch), the total diameter of the tube being 28 
microns ( rain s °^ an i llc '')' ^'° <Wmite size can lie 
ascribed to the irregular tubule; it varies, however, be- 
tween ::;"i and 110 microns {7-5-5 and j^ of an inch). 
The cells resemble those of the spiral tubule, the nuclei 
being more oval and nearer the lumen. The tubes of 
/ie/lii.i have the general characteristics of the second 
convoluted tubule, being, however, slightly narrower 
(40 microns, or ^jj of au inch). The priimpal tu/>.:i 
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and papillary duds vary in size up to 250 microns 

(tot °f an i ncn )« 

It will be seen that, with the exception of the glom- 
erulus, in a cross-section of a tubule the cell on either 
side and the lumen each occupy about one-third of the 
entire diameter. 



BLOOD SUPPLY* 

The blood enters the kidney at the hilum through the 
renal artery, which passes just within the mucosa of the 
pelvis, sending branches (inteipyramidal arteries) up 
between the Malpighian pyramids (in the columns of 
Bertini) and a few very small branches to the adjacent 
tissues. The large branches proceed upward to the 
juncture of the medullary and cortical portions, where 
they turn nearly at right angles and form arches over 
the top of the Malpighian pyramids, called the arte- 
rial arcade. From the arterial arcade two series of 
smaller branches arise : one series, the interlobular arte- 
ries, running straight upward at the outer border of the 
labyrinth ; the second series, the aiierice recke, running 
downward into the Malpighian pyramids. 

The interlobular arteries give off into the labyrinth 
numerous lateral branches, which enter the glomeruli 
as afferent arterioles. These form a small plexus within 
the glomerulus and emerge as the efferent arterioles, break 
up into capillaries, and course around between the 
uriniferous tubules of the labyrinth and medullary ray, 
a few vessels reaching down into the Malpighian pyra- 
mids. 

The capillaries join to form small veins (the inter- 
lobular veins), which empty into the venous arcades, 
and thence into the interpyramidal veins and into the 
renal vein, running parallel to the arteries of similar 



names. Just beneath the capsule some of the vc?-il. 
form small, irregular sinuses, called tlic vena; Stella:. 
The arteria: recta; form capillaries, which run be- 
tween anil encircle the oriniferous tubules in the Mat- 
pighian pyramids, form a network around the openings 
el' the capillary tubules, and return by the ookb reota 
(by the side of the arierUe rectse) to empty into the 
venous arcade previously described. 

LYMPHATICS. 

The lymphatics of the kidney are not well defined. 

One system is found in tEic capsule, the other in the 

basement membrane and fibrous tissue between the 

tubules. 

NERVES. 
The nerves of the kidney are of the nonmcdullated 
variety. They enter at the hilum with the blood-ves- 
sels, follow the course of the latter, and send small 
branches between and around the nrinil'erons tubules. 
But little is known of their ultimate termination. 



THE SINUSES, PELVIS, AND URETERS. 

The sinus, pelvis, and ureters are covered by 
three layers of tissue — a flhroun, a -miwu/nr, and an 
•■jiUIiilia!. 

The fibrous coat is an extension of the capsule, 
lies in contact with the kidney-substance proper, and 
continues as the outer coat of the ureters, at the distal 
end of which its fibers merge into the outer surface of 
the bladder. 

The muscular coat in the sinus and pelvis oonafota 
of two costs — an outer /next the fibrous coat) /oityitu- 
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<Uiiul. and ;in iimrr cimtfur. Over the papilla? the 
longitudinal fibers disappear. In the. ureter the same 
layers persist, with tlie addition, near the bladder, of a 
third inure internal coat, in which the libers run longi- 
tudinally. 

The epithelial coat is continuous with the lining of 
the papillary duets, immediately hemming of the fran- 
srlituiu/ variety at the orifices of those structures, and 
extending to the epithelial lining of the bladder. A 
slight lntxeineni iiu-mlmnir underlies the epithelial coat 
and separatee it from the muscular. 





A few lib Hid- vessels and nerves are found, mostly in 
the outer fibrous coat. 



THE URINARY BLADDER. 
The bladder has a fibrous, a muscular, and an epi- 
thelial coat, continuous with those of the ureters. At 
the areas covered by the peritoneum a fourth or .serous 
coat will be found. 
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The fibrous coat is rather thin, and contains numer- 
ous fibers of yellow elastic tissue. 

The muscular coat composes the larger part of the 
bladder-wall, and contains three poorly defined layers 
of smooth muscle-fibers : viz., an outer longitudinal, a 
middle circular, and an inner longitudinal. 

The epithelial coat is of the transitional type, and 
is thrown into folds when the bladder is empty and 
contracted, the cells then being thicker and more nearly 
spheric. When distended, the cells become more 
elongated and flattened. 

All the coats are richly supplied with capillary blood- 
vessels. 

Lymphatics are also abundant, especially so just 
beneath the epithelial surface, in which locality lymph- 
follicles also occur. Both medidlated and nonmedullated 
nerve-fibers as well as small ganglia may be observed in 
moderate numbers. 



THE URETHRA. 

The male urethra has three layers, from within out- 
ward — a mucous, a muscular, and a fibrous may be dis- 
tinguished. 

The mucous coat has an epithelial surface, varying 
in different localities and resting upon a fibro-elastic 
tunica propria, or basement membrane. The epithe- 
lium is transitional, and is continuous with that of the 
bladder in the prostatic portion. In the membranous 
portion it is columnar and strati fiod ; in the spongy or 
penile portion it is but a single layer in thickness, and 
is columnar. In the fossa naviculnris it is continuous 
with the external covering of the glans penis, and is of 
the stratified squamous variety. Small racemose glands 
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(the glands of Littre) occur throughout the length of the 
mucous coat. 

The muscular coat is of smooth muscle, arranged as 
an inner longitudinal and an outer circular layer in the 
prostatic and membranous portions of the urethra, but 
disappearing in the penile portion. 

The fibrous coat surrounds the muscular ; when 
present in the penile portion, it supports the mucous 
membrane. 

The female urethra has the same three coats as the 
male : viz., mucous, muscular, and fibrous. 

The inner surface, especially near the meatus, is 
covered with irregular projections — the papilke. The 
mucous coat is lined throughout with stratified squa- 
mous epithelium. The tunica propria is similar to that 
in the male, but the small glands are much fewer in 
number. The fibers of the muscular coat are also ar- 
ranged in an inner longitudinal and an outer circular 
layer. The mucous coat is richly supplied with capil- 
laries. Lymphatics and nerves occur in abundance be- 
neath the mucosa, the latter terminating just below the 
epithelium. 

QUESTIONS FOR CHAPTER IX. 

190. Describe the gross appearance of the kidney. 

191. What is the capsule ? cortical portion ? medullary portion ? 
What are the pyramids of Malpighi ? the papillae ? 

192. What are the columns of Bertini ? 

193. What are the medullary rays or pyramids of Ferrein ? 

194. What is the labyrinth? 

195. What is the hilum ? pelvis ? sinus ? What are the inf un- 
dibula, or calyces ? 

196. What is a uriniferous tubule? 

197. Outline general course of a tubule; give names of each 
location. 

198. Describe a Malpighian body. 



QUESTIONS. Ill 

199. What is the capsule of Bowman ? 

200. Give the structure of a uriniferous tubule. 

201. Give relative sizes of tubules in different locations. 

202. How does the size of the lumen compare with the size of 
the cells surrounding it ? 

203. Describe the blood-supply of the kidney. 

204. What is the arterial arcade ? 

205. What are the arteriae recta; ? 

206. What are the venae stellae ? 

207. Describe the lymphatics of the kidney ; nerve-supply. 

208. What is the structure of the sinus, pelvis, and ureters? 

209. Describe their fibrous coat; muscular coat; epithelial coat. 

210. Of what coats is the urinary bladder composed ? 

211. Describe its fibrous coat; muscular coat; epithelial coat. 

212. What are the layers composing the urethra? 

213. Describe the mucous coat; muscular coat; fibrous coat. 

214. Describe the female urethra. 



CHAPTEK X. 

THE MALE GENERATIVE ORGANS. 

THE TESTICLE, 

The testicle is a compound arrangement of coiled 
tubular glands. It is covered externally by a capsule 
of fibrous elastic tissue, the tunica albuginea, which 
at the posterior portion becomes very much enlarged, in 
which location it is called the mediastinum, or body 
of Highmore. 

The tunica albuginea is further divided into two 
layers : the outer, covering most of the organ, being 
an extension of the peritoneum, has the structure of a 
serous membrane, and is called the tunica vaginalis ; 
the inner contains a rich blood-supply, and is called the 
tunica vasculosum. 

The mediastinum and the tunica vasculosum are con- 
nected by septa of fibrous tissue, which divide the body 
of the organ into irregularly pyramidal lobules. 

In these lobules lie a varying number of the semin- 
iferous tubules (from 300 to 800), which begin as 
closed tubes near the periphery of the lobule and run 
to the edge of the mediastinum, where they unite into 
from 20 to 30 larger ducts (the vasa recti) and enter 
the mediastinum, anastomosing with one another to 
form a mass, called the rete testis, whence they emerge 
from the upper edge of the mediastinum as a dozen or 
so tubules (the vasa efferentia). These pass through 

the tunica albuginea, and at first follow a straight 
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Bourse; then form a aeries of sonie masses (one for 
each tubule), called the coni vasculosi, the entire mass 
constituting the globus major of the epididymis. At 
the bottom of the ylohus major all the tubules open 

into ;i larger single tube (tin 1 body of the epididymis), 
wliich runs 




to form the globus minor, which empties into the \ 
deferens. This follows the spermatic cord through the 
internal abdominal ring ami passes to the base of the 
bladder, where it joins the duet of the vesicula semi- 
nalis to form the ejaculatory duct, which passes 
through the prostate to the verumontamim of the 
urethra. 



The genii nij'a-oH.i h/liul-H may be divided into tliree 
portions : 

1. Tile rrmru/tiJril tithttlcM, occupying aliout tl tier 

three- fourths of the lobules. 

2. The ulraif/lil tahitli 1 *, which continue to the 
recite. 

3. The ttdntlrn m lh- twt lit nil 'inum. 



Fig * 



III structure the seminiferous tubules consist of an 
outer covering «i'finl nuh>lhdi-il (■.//*, whi'-h surround a 
iliin firi.tniiriit iiiriiihniiii: Internal to tliis are several 
layers of irregular r/>iftir/i,i/ r,//.v, mmv or less of which 
will he found to be in process of karynldnosis according 
to the functional activity of the organ. 

The oiifcr epithelial ccLls are called the parental 



cells, and are of two kinds : the first, or sustentacular 
cells, or Sartoli's columns, take no active part in the 
production of the spermatozoa ; the second, or sperma- 
togenic cells, are (lie eventual progenitors of tlir sper- 
matozoa. Inside of the parietal cells a second layer 
may he distinguished, many of which in the active 
organ will be found to exhibit mitotic figures. These 
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cells are the direct descendants of the Bpermatogenic 
cells, and arc called the mother cefi& The mother cells 
by their multiplication give rise to a third layer of 
cells, internal to the previous two, called the daughter 
celts. These cells arc somewhat smaller than the 
mother cells, and at the inner portion of the layer 
many of their nuclei may !>e seen from around which 
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most of the cell-body has disappeared, forming the 
spermatoblasts. From the spermatoblasts the sper- 
matozoa are formed, and may be seen with their heads 
embedded among the spermatoblasts and the daughter 
cells. 

The spermatozoa in man arc about 50 microns in 
length, and consist of a head, a body or middle piece, 
and a tail. 

The head is flattened ovoid in shape, its under sur- 
face being slightly concave. It measures about one- 
twelfth of the entire length of the spermatozoa, or 3 or 
4 microns. 

The body is attached to the posterior part of the 
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Fig. 42. — Spermatozoa: A, Flat view; B, side view; a, head; 6, body; c, tail; 

d, axial fiber. 

head, where it is about 1 micron wide and tapers 
down for a distance of from 4 to 6 microns, where it 
joins the tail as an extremely delicate filament. 

The tail forms the greatest part of the total length ? 
measuring about 40 microns. It is a very thin, hair- 
like filament, which, when the spermatozoa is alive, has a 
very rapid lashing movement, by virtue of which the 
element is enabled to travel at a considerable rate of 
speed in fluids. Running through the center of the 
body and tail is a fine line, called the axial fiber, which 
at the end of the tail is uncovered and forms the termi- 
nation of that part. The spermatozoa possess much 
vitality, being able under favorable circumstances to 



retain their power of movement fop several d;iys i nit - 
s'ulc the body. 

Tliu xniiinijeroitx tii/wlr.-- are held together by loose 
connective tissue, embedded in which at irregular inter- 
vals small masses of polyiiwlr.il epithelial cells occur, 
termed the iulrrntitlul relfx. These are the remains of a 
fetal structure — the Wolffian body. 

The straight tubules are smaller than the convoluted 
tubules, measuring only about 'lh microns in diameter. 
They are lined with a single layer of short columnar 
epithelium, the external coat remaining the same. 

The vasa rectis and the tubules of the role testis 
vary much in size, and are lined by a single layer of 
flat epithelium. 

The vasa efferent ia and flic coni vasculosi are 
lined by several layers of rit/uuiiutr rjiitlir/huii, the 
innermost layer of which is provided with long alia. 
The fibrous coat contains many libers of smooth nius- 
ele, arranged circularly. 

The epididymis is similar to the vas efferentia in 
structure, but the smooth niusole-tilicrs increase in num- 
ber and size. 

The vas deferens, or spermatic duct, has, in addi- 
tion to tlic structure of the epididvmis, a well-marked, 
smooth, muscular coat, the inner layer of which runs 
circularly, the outer layer longitudinally. 

The vesicula seminalis continues the structure of 
the v;is, hut contains in its mucosa numerous small 
tubular glands. 

The ejaculatory ductdiffers from the vesicula semin- 
alis in being lined bv ii single layer of columnar epi- 
thelium. 

The blood tntpply of the testicles enters the tunica 

vaseiilns id mediastinum, whence it is distributed 

through the septa, and thence by small branches tii the 
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intertubular connective tissue, there breaking up into 
capillaries surrounding the tubules and returning 
through veins accompanying the arteries. 

Two sets of lymphatics are present : the first, within 
the tunica albuginea ; the second, or deep, surrounds 
the seminiferous tubules and rete testis, emptying into 
the large lymphatic vessels of the spermatic cord, which 
in turn terminate in the lumbar glands. 

Both meduUated and nomiiedullated nerve-fibers are 
found between the seminiferous tubules. 

THE SEMEN. 

The semen contains, besides the spermatozoa, numer- 
ous epithelial cells ; round, albuminous granules ; clear y 
waxy, cylindric masses from the vesicula seminal is ; and 
some spheric or irregular yellowish bodies, which con- 
tain concentric markings suggestive of those found in 
the potato starch. These bodies are called the pros- 
tatic concretions, or amyloid bodies. 

THE PENIS. 

The body of the penis is covered externally by 
stratified epithelium, free from hairs, the subcutaneous 
tissue of which contains little or no fat. At the junc- 
ture of the prepuce and glans numerous small tubular 
glands (the glands of Tyson, or gland ulae odoriferae) 
occur, which secrete the smegma. The glans penis is 
covered with a stratified mucous membrane having but 
little submucosa and being firmly adherent to the under- 
lying corpus spongiosum. The under surface of the 
mucosa is indented by large papillae, in which the geni- 
tal corpuscles are situated. 

Beneath the subcutaneous tissue in the dorsal portion 
of the organ is found a thick oval layer of longitudinal 



fibrous tissue, interspersed with much yellow elastic 
tissue (the tunica albuginea), surrounding two masset 
a i f" erectile tissue (the corpora cavernosa), each of 
which is also covered with an individual circular ooaf 
of fibro-elustie tissue. Below the eorpora cavernosa is 
another body of erectile tissue, aurroonded by a less 
distinct sheath, called ilie corpus spongiosum, in the 
center of which is situated the urethra. 

The corpora cavernosa ore composed of very iniuier 




ooa brandling invgiil:ii" trtihivtth:, wliieli extend fro 
the surrounding fibro-elastie sheath, and contain s 
tend groups of smooth muscle-fibers. The 
formed between the trabeeuhe are lined with endo- 
thelium, and, being connected witli the arteries and 
veins, form large sinuses, which become enormously 
distended during erection. 

The corpus spongiosum contains much the same 
structure as the corpora cavernosa, the trabeouls 
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however, being much finer and the blood 

smaller and mure regular in size. At the glans it e 
panils, covering the ends of the corpora cavernosa, a 
is covered directly by the muoosa of ilie glass. 

The male urethra lies in the center of the corpus 
spongiosum, and extends from the bladder to the 
meatus. 

The blood supply is derived from the dorsal i 
and the arteries of the corpora cavernosa, which hre 
up into capillaries, most of which empty into the bloc 
spaces of the corpus sjniiiiriostna and cor]>ora c, 
thence to he drained by the small veins emptying i 
the dorsal vein or to pass out at the root of the or 
into the prostata* venous plexus. 

Some of the arteries entering the corpora caven: 
do not at once break up into capillaries, but form t 
tuous vessels, which in the nonerect condition of t 
organ form loops, which project into the < 
spaces. These have been called the helicene a 

Many of the capillaries from these arteries supply 
the tissue of the trabecular am! return through 
veins without emptying into the cavernous spaces. A 
deep and a superficial sot of lymphatics are present; 
the latter being distributed in the subcutaneous tissue 
and accompanying the superficial vessels, and terminat- 
ing in the inguinal glands ; the former arising in the 
corpus spongiosum and corpora cavernosuni, following 
the deep blood-vessels, to terminate in the deep lymph- 
atics of the pelvis. 

The nerves are bulb medullated and nonmednllated, 
from the pudic and hypogastric plexus of the sympa- 

Both the Pacinian bodue and gmUxd corpuscles are 
found. 



THE PROSTATE. 

The prostate is a amijuiimil tubular gland, and is 
inclosed by a two-layered capsule', the (.inter layer of 
which is fibrous tissue, the inner layer, smooth muscle. 

From the muscular layer the main stroma of the 
gland is derived, containing but occasional fibrous 
tissue bundles. The acini of the gland are lined with 




. single layer of columnar epithelium. Frequently, 
ween this epithelium and its basement membrane 
ueroiis small, roundish cells are found. Occasion- 
ally, especially in old age, the acini will be found to 
contain clearish, rounded, laminated masses, of an 
albuminous nature, called the prostatic concretions. 
The larger ducts are lined with a stratified epithelium, 



120 THE MALE GENERATIVE ORGANS. 

however, being much finer and the blood spaces 
smaller and more regular in size. At the glans it ex- 
pands, covering the ends of the corpora cavernosa, and 
is covered directly by the mucosa of the glans. 

The male urethra lies in the center of the corpus 
spongiosum, and extends from the bladder to the 
meatus. 

The blood supply is derived from the dorsal arteries 
and the arteries of the corpora cavernosa, which break 
up into capillaries, most of which empty into the blood 
spaces of the corpus spongiosum and corpora cavernosa, 
thence to be drained by the small veins emptying into 
the dorsal vein or to pass out at the root of the organ 
into the prostatic venous plexus. 

Some of the arteries entering the corpora cavernosa 
do not at once break up into capillaries, but form tor- 
tuous vessels, which in the nonerect condition of the 
organ form loops, which project into the cavernous 
spaces. These have been called the helicene arteries. 

Many of the capillaries from these arteries supply 
the tissue of the trabecular and return through the 
veins without emptying into the cavernous spaces. A 
deep and a superficial set of lymphatics are present ; 
the latter being distributed in the subcutaneous tissue 
and accompanying the superficial vessels, and terminat- 
ing in the inguinal glands ; the former arising in the 
corpus spongiosum and corpora cavernosum, following 
the deep blood-vessels, to terminate in the deep lymph- 
atics of the pelvis. 

The nerves are both medullated and nonmedullated, 
from the pudic and hypogastric plexus of the sympa- 
thetic. 

Both the Pacinian bodies and genital corpuscles are 
found. 



THE PROSTATE. 

The prostate is a compound tubular gland, and is 
inclosed by a two-layered capside, the outer laver of 
which is fibrous tissue, the inner layer, smooth muscle. 

From the muscular layer tlie main stroma of the 
gland is derived, containing but occasional fibrous 
tissue bundles. The acini of the gland are bind « iih 







a single layer of columnar epithelium. Freqnently, 
between this epithelium and its basement membrane 
numerous small, roundish eells are found. Occasion- 
ally, especially in old age, the acini will be found to 
contain dearth, rounded, laminated masses, of an 
albuminous nature, .ailed the prostatic concretions. 
The larger ducts are lined with a stratified epithelium, 
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continuous with that of the urethra. The blood supply 
enters the capsule and is distributed in a rich capillary 
network about the acini and within the fibrous capsule. 

Lymphatic clefts occur in the fibrous septa and 
accompany the veins. 

Medullated and nonmedullated nerve-fibers occur 
between the acini, but their mode of termination is 
unknown. Corpuscles of Vater are also occasionally 
found. 

CO WPER'S GLANDS, 

Cowper's glands are two small, compound, saccular 
or racemose glands lying beneath the membranous 
urethra. The acini are lined by a single layer of short 
columnar cells. 

QUESTIONS FOR CHAPTER X. 

215. What type of gland is the testicle ? 

216. What is the tunica albuginea? 

217. What is the mediastinum ? 

218. Into what is the tunica albuginea divided ? 

219. Describe the lobules. 

220. Describe the course of the seminiferous tubules from their 
beginning to the ejaculatory duct. 

221. What are the three portions of the seminiferous tubules 
proper? 

222. Describe the structure of a seminiferous tubule. 

223. What are the sustentacular cells? 

224. What are the spermatogenetic cells ? mother cells ? daughter 
cells? spermatoblasts? 

225. Describe the spermatozoa. 

226. What are the interstitial cells of the testicle ? 

227. Describe the vasa rectis; the vasa efferentia; the epididy- 
mis; the vas deferens. 

228. Describe the vesiculse seminalis and the ejaculatory duct. 

229. Give the course of the blood-vessels in the testicle; of the 
h I the nerves. 
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230. Describe the penis. 

231. Give the general structures composing the penis. 

232. What are the glands of Tyson? 

233. What is the character of the covering of the penis? of the 
glans? 

234. What is the tunica albuginea ? 

235. What are the corpora cavernosa ? What is the corpus spon- 
giosum? 

236. Describe the structure of each. 

237. Give the blood distribution of the penis. What are the 
helicene arteries ? 

238. Describe the lymphatics and nerves of the penis. 

239. What type of gland is the prostate ? 

240. Describe its general arrangement. 

241. What are the prostatic concretions? 

242. Give the blood supply; the lymphatic and nerve supply. 

243. Describe Cowper's glands. 



CHAPTER XL 
THE FEMALE GENERATIVE ORGANS. 

THE OVARY* 

The ovaries are small almond-shaped masses attached 
to the posterior surface of the broad ligament. They 
are covered by two layers of tissue. The first is a 
modified reflection of the peritoneum, containing a single 
layer of columnar epithelial cells, called the germinal 
epithelium. The second layer is composed of fibrous 
tissue, and is called the. tunica albuginea. In the 
germinal epithelium, more especially in the fetus, occa- 
sional large, clear, ovoid cells containing a prominent 
nucleolus are found. These are the primordial ova, 
and are the cells from which the ova are developed. 

The substance of the ovary is divided into a cortical 
and a medullary portion, which merge imperceptibly 
into one another. 

Beneath the tunica albuginea is the ovarian stroma, 
which consists of a peculiar fibrous tissue containing 
many long spindle-shaped cells arranged irregularly. 

Embedded in the stroma of the cortex lie a large 
number (36,000) of Graafian follicles. These differ 
in size and appearance according to their stage of devel- 
opment. 

The immature follicles are produced by a dow T ngrowth 
of the germinal epithelium surrounding one of the pri- 
mordial ova. This downgrowth is cut off from the sur- 
face by the growing-in of the stroma and leaving 
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thi' ovum surrounded by a, granular layer of cells of 

-iiviili'i'iir li-ss lliieknrs- ;icci (riling to tbt- stage of devel- 
opment These in turn are surrounded by a slightly 
denser concentric arrangement of the spindle-shaped 
cells of the stroma. 

The miilttrr tlmafuui fnfUclt's are much larger in size, 
measuring from 4 to 8 mm. in diameter. 

They are bounded externally by a denser layer of the 




stroma, called theca foHiculi, in which two layers may 
be distinguished. The outer layer, or tunica externa, 
is more fibrous and contains the larger blood-vessels. 
The inner coat, or tunica interna, is more cellular iu 
'li ii:n ;■ r and contains smaller blood vnnnnll and ea|>il- 

lal'ies. 
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Inside of the theca folliculi is a granular layer of 
cells derived originally from the germinal epithelium, 
and called stratum granulosum. 

At the edge the cells of the stratum granulosum are 
heaped up, forming a mass called the discus proligerus, 
or cumulus ovigerus, the inner layer of which is 
arranged radially surrounding the zona pellucida, and 
called the corona radiata, which in turn surrounds a 
delicate radially striated membrane, the zona pel- 
lucida. 

The centers of the follicles contain a cavity bounded 
by the stratum granulosa and containing a clear fluid, 
called the liquor folliculi. 

The ovum lies within the zona pellucida, and is 
bounded by a thin, transparent membrane, called the 
vitelline membrane. Within this is a granular mass, 
called the vitellus. Situated excentrically in the vitel- 
lus is the germinal vesicle, which is bounded exter- 
nally by a delicate wall, contains many chromatin fibers, 
and a small body, resembling a nucleolus, called the 
germinal spot. 

Graafian follicles of all degrees of maturity, between 
the immature and fully developed, may be found. 

When a follicle is ripe, the liquor folliculi distends 
it until it ruptures at the surface of the ovary and the 
ovum is discharged with a portion of the discus pro- 
ligerus adherent. 

The wounds in the surface thus formed are healed up 
by a multiplication of the cells of the stratum granu- 
losum, forming large polyhedral cells, between which 
fibers from the stroma carrying capillaries penetrate. 
The mass thereby produced is yellowish in color, and 
is called the corpus luteum. This varies in size and 
development accordingly as pregnancy has taken place 
or not. If pregnancy has occurred, the m? d 



« true corpus luteum ; if not, the development will 
be much less, ami a false corpus luteum results. 

The blood-supply of the ovary enters at its attach- 
ment to the broad ligament anil proceeda to the medulla, 
whence branches are given off to the stroma, forming a 
capillary network in the tinea i'olliculi. 

The lymphatics are most numerous in the medulla, 
but also occur in the cortex and theca iblliculi. 

Both medullated an J nonmcdullated nerve-fibera 
occur, first penetrating to the medulla, from which fine 
branches arc distributed to the cortex and follicles. 



THE PAROVARIUM. 
The parovarium, epoophoron, or organ of Rosen- 

miiller, as it is variously termed, is the remains of a 
fetal structure called the Wolffian duct. It is situ- 
ated in the broad ligament, between the ovary and the 
Fallopian tube. In structure it is found to contain a 
number of small converging tubes leading to a larger 
transverse tube, all of which arc lined by short columnar 
epithelial cells, some of which are found in the hunina 
of the tubules. 



Oviducts, have three 
niddle muscular, and an 



THE FALLOPIAN TUBES. 

The Fallopian tubes, 
coats — an outer fibroseroaa, \ 
inner vnicovs. 

The outer or fibroserous consists of a reflection of the 
peritoneum, being covered externally by a layer of flat 
endothelium, supported by a layer of fibrous tissue con- 
taining many fibers of smooth muscle. 

The muscular coat has two layers — an Outer longi- 
tudinal and an inner circular, the latter being much the 
larger. 
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The mucous coat has a well-developed membrana 

propria, which is very much plicated, giving a transverse 
section of the lunnii a very irregular outline. Tliis is 
lined by a single layer of ciliated columnar epithelium. 




THE UTERUS. 

The uterus also contains three coats — an outer 
xrrmtx, a middle mimm/dr, and an inner rjiifhrfiit/. 

The serous coat consists of a layer of peritoneum, 
he.ing covered by a layer of endothelial cells which rests 
upon a layer of fibrous tissue. 

The muscular coat constitutes the hulk of the organ, 
and may, with difficulty, lie divided into three layers of 
smooth fibers, the outer layer of which runs mostly 



longitudinally, the middle layer mostly circularly, ami 
the inner layer obliquely longitudinally. 

In :ill the coats, however, many libers are tbimd at 
all angles to tlie general trend. 

The epithelial coat contains a single layer of ciliated 
columnar epithelial cells, which rests noon a tliin Imse- 
ment membrane, a true snbrniu-nsa being absent. 

Scattered throughout the epithelial coat arc the 
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moiiilis ill' wavy, branched tubular glands, the uteriM 
ffiandtt, which are lined by a angle layer of ciliated 
Delia resting on a slight basement membrane. These 

glands, owing t" the absence nt" the siihiniicosi, extend 
to the mnsi'ular coat. 

The lower half of the cervix is lined with stratified 
squamous epithelium, which is thrown into longitudi- 
nal folds, and in cross-section resembles [uqiillaj. Here, 
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however, being much finer and the blood spaces 
smaller and more regular in size. At the glans it ex- 
pands, covering the ends of the corpora cavernosa, and 
is covered directly by the mucosa of the glans. 

The male urethra lies in the center of the corpus 
spongiosum, and extends from the bladder to the 
meatus. 

The blood supply is derived from the dorsal arteries 
and the arteries of the corpora cavernosa, which break 
up into capillaries, most of which empty into the blood 
spaces of the corpus spongiosum and corpora cavernosa, 
thence to be drained by the small veins emptying into 
the dorsal vein or to pass out at the root of the organ 
into the prostatic venous plexus. 

Some of the arteries entering the corpora cavernosa 
do not at once break up into capillaries, but form tor- 
tuous vessels, which in the nonerect condition of the 
organ form loops, which project into the cavernous 
spaces. These have been called the helicene arteries. 

Many of the capillaries from these arteries supply 
the tissue of the trabecule and return through the 
veins without emptying into the cavernous spaces. A 
deep and a superficial set of lymphatics are present ; 
the latter being distributed in the subcutaneous tissue 
and accompanying the superficial vessels, and terminat- 
ing in the inguinal glands ; the former arising in the 
corpus spongiosum and corpora cavernosum, following 
the deep blood-vessels, to terminate in the deep lymph- 
atics of the pelvis. 

The nerves are both medullated and nonmedullated, 
from the pudic and hypogastric plexus of the sympa- 
thetic. 

Both the Pacinian bodies and genital corpuscles are 
found. 



THE PROSTATE. 

The prostate is a compound tubular gland, and is 
inclosed by a two-layered capsule, the outer layer of 
which is fibrous tissue, the inner layer, smooth muscle. 

From the muscular layer the main stroma of the 
gland is derived, containing hut occasional fibrous 
tissue bandies. The acini of the gland are lined with 
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a single layer of columnar epithelium. Frequently, 
between this epithelium and its basement membrane 
numerous small, roundish cells are found. Occasion- 
ally, especially in old afje, the acini will he found to 
iMintain elearish, rounded, laminated masses, of an 
albuminous nature, tailed the prostatic concretions. 
The larger ducts are lined with a stratified epithelium, 
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continuous with that of the urethra. The blood supply 
enters the capsule and is distributed in a rich capillary 
network about the acini and within the fibrous capsule. 

Lymphatic clefts occur in the fibrous septa and 
accompany the veins. 

Medullated and nonmedullated nei-ve-fibers occur 
between the acini, but their mode of termination is 
unknown. Corpuscles of Vater are also occasionally 
found. 

GOWPER'S GLANDS. 

Cowper's glands are two small, compound, saccular 
or racemose glands lying beneath the membranous 
urethra. The acini are lined by a single layer of short 
columnar cells. 

QUESTIONS FOR CHAPTER X. 

215. What type of gland is the testicle ? 

216. What is the tunica albuginea? 

217. What is the mediastinum ? 

218. Into what is the tunica albuginea divided ? 

219. Describe the lobules. 

220. Describe the course of the seminiferous tubules from their 
beginning to the ejaculatory duct. 

221. What are the three portions of the seminiferous tubules 
proper ? 

222. Describe the structure of a seminiferous tubule. 

223. What are the sustentacula! cells? 

224. What are the spermatogenetic cells ? mother cells ? daughter 
cells? spermatoblasts? 

225. Describe the spermatozoa. 

226. What are the interstitial cells of the testicle ? 

227. Describe the vasa rectis; the vasa efferentia; the epididy- 
mis; the vas deferens. 

228. Describe the vesiculse seminalis and the ejaculatory duct. 

229. Give the course of the blood-vessels in the testicle; of the 
lymphatics; of the nerves. 



QUESTIONS. 123 

230. Describe the penis. 

231. Give the general structures composing the penis. 

232. What are the glands of Tyson? 

233. What is the character of the covering of the penis ? of the 
glans? 

234. What is the tunica albuginea ? 

235. What are the corpora cavernosa? What is the corpus spon- 
giosum? 

236. Describe the structure of each. 

237. Give the blood distribution of the penis. What are the 
helicene arteries ? 

238. Describe the lymphatics and nerves of the penis. 

239. What type of gland is the prostate ? 

240. Describe its general arrangement. 

241. What are the prostatic concretions? 

242. Give the blood supply; the lymphatic and nerve supply. 

243. Describe Cowper's glands. 



CHAPTER XL 

THE FEMALE GENERATIVE ORGANS 

THE OVARY. 

The ovaries are small almond-shaped masses attached 
to the posterior surface of the broad ligament. They 
are covered by two layers of tissue. The first is a 
modified reflection of the peritoneum, containing a single 
layer of columnar epithelial cells, called the germinal 
epithelium. The second layer is composed of fibrous 
tissue, and is called the. tunica albuginea. In the 
germinal epithelium, more especially in the fetus, occa- 
sional large, clear, ovoid cells containing a prominent 
nucleolus are found. These are the primordial ova, 
and are the cells from which the ova are developed. 

The substance of the ovary is divided into a cortical 
and a medullary portion, which merge imperceptibly 
into one another. 

Beneath the tunica albuginea is the ovarian stroma, 
which consists of a peculiar fibrous tissue containing 
many long spindle-shaped cells arranged irregularly. 

Embedded in the stroma of the cortex lie a large 
number (36,000) of Graafian follicles. These differ 
in size and appearance according to their stage of devel- 
opment. 

The immature follicles are produced by a downgrowth 
of the germinal epithelium surrounding one of the pri- 
mordial ova. This downgrowth is cut off from the sur- 
face by the growing-in of the stroma and leaving 

124 



the ovum surrounded by a granular layer of cells of 

grealer <>r less 1 1 liekness according to the stage oi' devel- 
opment These in turn are surrounded by a slightly 
tfcasex concentric arrangement of tliu spindle-shancd 
cells of the stroma. 

The nudum Graafian foFfwIrn are mncli larger in si/e, 
measuring from 4 to 8 mm. in diameter. 

They are bounded externally by a denser layer of the 
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stroma, called theca folliculi. in which two layers may 
be distinguished. The outer layer, or tunica externa, 
is more fibrous and contains the larger blood-vessels. 
Ttie inner coat, or tunica interna, is inure cellular in 
character and contains smaller blood-vessels and capil- 
laries. 
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Inside of the theca folliculi is a granular layer of 
cells derived originally from the germinal epithelium, 
and called stratum granulosum. 

At the edge the cells of the stratum granulosum are 
heaped up, forming a mass called the discus proligerus, 
or cumulus ovigerus, the inner layer of which is 
arranged radially surrounding the zona pellucida, and 
called the corona radiata, which in turn surrounds a 
delicate radially striated membrane, the zona pel- 
lucida. 

The centers of the follicles contain a cavity bounded 
by the stratum granulosa and containing a clear fluid, 
called the liquor folliculi. 

The ovum lies within the zona pellucida, and is 
bounded by a thin, transparent membrane, called the 
vitelline membrane. Within this is a granular mass, 
called the vitellus. Situated excentrically in the vitel- 
lus is the germinal vesicle, which is bounded exter- 
nally by a delicate wall, contains many chromatin fibers, 
and a small body, resembling a nucleolus, called the 
germinal spot. 

Graafian follicles of all degrees of maturity, between 
the immature and fully developed, may be found. 

When a follicle is ripe, the liquor folliculi distends 
it until it ruptures at the surface of the ovary and the 
ovum is discharged with a portion of the discus pro- 
ligerus adherent. 

The wounds in the surface thus formed are healed up 
by a multiplication of the cells of the stratum granu- 
losum, forming large polyhedral cells, between which 
fibers from the stroma carrying capillaries penetrate. 
The mass thereby produced is yellowish in color, and 
is called the corpus luteum. This varies in size and 
development accordingly as pregnancy has taken place 
or not. If pregnancy has occurred, the mass is called 
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a true corpus luteum ; if not, the development will 
be much less, and a false corpus luteum results. 

The blood-supply of the ovary enters at its attach- 
ment to the broad ligament and proceeds to the medulla, 
whence branches are given off to the stroma, forming a 
capillary network in the theca folliculi. 

The lymphatics are most numerous in the medulla, 
but also occur in the cortex and theca folliculi. 

Both medullated and nonmedullated nerve-fibers 
occur, first penetrating to the medulla, from which fine 
branches are distributed to the cortex and follicles. 

THE PAROVARIUM. 

The parovarium, epoophoron, or organ of Rosen- 

miiller, as it is variously termed, is the remains of a 
fetal structure called the Wolffian duct. It is situ- 
ated in the broad ligament, between the ovary and the 
Fallopian tube. In structure it is found to contain a 
number of small converging tubes leading to a larger 
transverse tube, all of which are lined by short columnar 
epithelial cells, some of which are found in the lumina 
of the tubules. 

THE FALLOPIAN TUBES. 

The Fallopian tubes, or oviducts, have three 
coats — an outer fibroserous, a middle muscular , and an 
inner mucous. 

The outer or fibrose rous consists of a reflection of the 
peritoneum, being covered externally by a layer of flat 
endothelium, supported by a layer of fibrous tissue con- 
taining many fibers of smooth muscle. 

The muscular coat has two layers — an outer longi- 
tudinal and an inner circular, the latter being much the 
larger. 



THE FEMALE GENERATIVE ORGANS. 

The mucous coat has ;i well-developed mem bra na 
propria, which is verymuch |>lieat.-d, giving a transverse 
section of 1 1 10 lumen a very i in >p i lar out line. This is 
lined by a single layer of ciliated columnar epithelium. 




THE UTERUS. 

The uterus also contains three coats — an outer 
wi'tis, a miilillr innririt{tti\ and an \nncr i.-jiil.ht'Hn.f. 

The serous coat consists of a layer of peritoneum, 
being covered by a layer of endothelial cells whieh rests 
Hpon a layer of fibrous tissue. 

The muscular coat consttl utes the bulk of the organ, 
ami may, with difficulty, he divided into three layers of 
smooth fibers, the outer layer of which runs mostly 



longitudinally, Hie middle luyt.-r mostly eirctdarly, and 



tlie "i 



r layer obliquely longitudinally. 



In all the coate, ho 



ii:my 



Itliel'.- 



found at 



all angles. In tin 1 general trend. 

The epithelial coat contains a single layer of ciliated 

columnar epithelial cells, which rests, unnn a thin base- 
ment membrane, a trm- siilimuensa being absent. 

Scattered throughout the epithelial coat arc the 




11? glnnds ; c , inti'i Inljuljir filiraus 



mouths of wavy, branched tubular glands, the uterine 
>(/>ni>l.<, which arc lined by ;i single layer of ciliated 
cells resting on a slight basement membrane. These 
glands, owing to the absence of the submucosaj extend 
In the muscular coat 

The lower half of the oervix is lined with stratified 
squamous epithelium, which is thrown into longitudi- 
nal fi.hls, and in cross-section resembles papilla?. Here, 
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also, short mucous crypts occur, which occasionally 
become occluded and form retention cysts, called the 
ovular Nabothi. 

The blood-vessels penetrate the serous coat to the 
muscular, where they branch, sending some of their 
branches to the internal coat, there encircling the uter- 
ine glands and epithelium in a network of capillaries. 
In the middle coat large thin- walled blood-spaces 
occur between the fasciculi of muscular tissue. 

The lymphatics form a network beneath the epi- 
thelial coat, unite with slightly larger vessels in the 
muscular coat, and empty into the large vessels of the 
serous coat. 

Medullated and nonmcdullated neme-jibers occur in 
the muscular coat, sending fine branches to the epi- 
thelial surface. Along the course of the nonmedullated 
fibers small ganglia sometimes occur. 

THE VAGINA. 

The vagina has three coats — external fibrous, middle 
muscular, and inner mucoun. 

The fibrous coat is well developed, and contains 
many fibers of yellow elastic tissue scattered through 
the main bulk of white fibers. 

The muscular coat consists of an outer longitudinal 
and an inner circular layer of smooth muscle, the 
boundaries of which are ill defined. 

The mucous coat consists of a well-developed mem- 
brana propria, studded with leukocytes, which is 
thrown into frequent ridges (the rur/<v) and projections 
(papilhc). This is covered by a deep layer oi'st ratified 
epithelium the outer layers of which are squamous. 

The blood-vessels run near the outer surface of the 
membrana propria, from which situation smaller 



branches are sent into the muscular tissue ami to the 
under surface of the epithelium. 

Between the muscular and mucous coats the veins 
arc arranged in a complex network, giving to the part 
slight erectile properties. 

The lymphatics in the mucosa empty into those of 
the muscular coat, and these in tnrn communicate with 
those of the fibrous coat. 

Medullated anil noninediillateil nerve-fibers, ganglia 
and special nerve-endings (the genital end-bulbs, or 
the genital corpuscles of Krause) occur in the mucosa. 

The labia majoraare covered with stratified epithe- 
lium, the ileep layers of which are more or less pig- 
mented. Hair follicles, sweat-glands, and sebaceous 
follicles are numerous. Beneath the epithelium is a 
loose areolar tissue containing much fat and some museu- 
lar and elastic fibers. 

The labia minora arc covered with stratified epi- 
thelium, ffhioh contains neither fat, hair follicles, nor 
sweat-glands. The subepithelial tissin- is loose in tex- 
ture and contains many large blot id -spaces, making' the 
tissue moderately erectile. 

Mednllated and noinnediillatod nerves and genital 
corpuscles occur. 

The clitoris consists of (wo masses of erectile tissue 
(the corpora cavernosa) inclosed in a -heath of fibrous 
tissue and covered externally hv stratified epithelium, 
Genital corpuscles are numerous. 

The glands of Bartholin are small raemoae 
gtatuk lying :it cither side of the beginning of the 
vagina. They are lined with <*lcai' mucous cells, winch 
discharge their secretions through a tube lined with 
short columnar epithelium into the vagina. 



THE MAMMARY GLANDS. 
The mammary glands are complex tubular glands, 
the several lobes of which are held together by fibrous 
tissue and fat, and empty side by side through the 
Ilippte. The acini are lined by a single layer of' gran- 
ular, jKilyliedral epithelial cells, which rests upon a dis- 
tinct membrana propria. As in other glands, the 
acini arc grouped into lobulee and then into lobes, all 
itf which are surrounded by a greater or less amount 
of fibrous tissue according to their size. 




During lactation the epithelial cells are seen to eon- 
tain numerous droplets of oil in their substance. More 
or less oil will also be round in the acini. 

The blood-vessels run between the lobules and send 
branches into the fibrons tissue, which break up into 
capillary network surrounding the acini, 

The gland is well supplied with lymphatics, which 
occur both in the subcutaneous tissue and in the in*^ 
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acinous fibrous tissue and communicate with the glands 
of the axilla. 

The milk consists of a clear fluid, suspended in 
which are immense numbers of oil droplets, together 
with some granular matter from the cells lining the 
acini and tubules. 

During the first few days of lactation certain large, 
granular, fatty, highly refracting bodies occur, which 
have received the name of colostrum corpuscles. 




rc/j 



© » ^ ®© 




Fig. 49.— Elements of milk: a, Droplets of oil in uiilk; b, leukocytes; c, 

large colostrum corpuscles. 



QUESTIONS FOK CHAPTER XI. 

244. Describe the general characteristics of the ovary. 

245. Wliat is the germinal epithelium? the primordial ova? 

246. What is the tunica albuginea ? 

247. What is the ovarian stroma ? 

248. What are the Graafian follicles? Where do they originate? 

249. Give the structure of the mature Graafian follicle. 

250. Describe a corpus luteum. 

251. Describe the ovum. 

252. Name the layers of the Graafian follicle and ovum in their 
sequence. 
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253. Describe the blood-supply of the ovum; the lymphatic; the 
nerve. 

254. Describe the parovarium. 

255. Describe the Fallopian tube; give its structure. 

256. Name the coats of the uterus. Describe each. 

257. Describe the uterine glands. 

258. Describe the cervix. 

259. What are the ovulae Nabothi ? 

260. Describe the blood distribution of the uterus; the lym- 
phatics; the nerves. 

261. Name the coats of the vagina. Describe each. 

262. Give the blood-, lymph-, and nerve-supply. 

263. Describe the labia majora, the labia minora, and the 
clitoris. 

264. What are the glands of Bartholin ? 

265. What type of glands are the mammary glands ? 

266. Describe them. 

267. Give their blood- and lymphatic supply. 

268. Describe the milk. 

269. What are colostrum corpuscles ? 



CHAPTER XII. 



THE RESPIRATORY SYSTEM. 

The larynx is lined with stratified ciliated epithe- 
lium, resting on a thin iiietnbi'aua propria, of fibro- 
elastio t isstie. Beneath this is the submucosa of 
fibrous tissue, which contains numerous branched tubu- 
lar glands communicating with the surface. In the 
externa] portion of the Bubmuooaa are Che cartilages of 
the lamix. Those of the thyroid, cricoid, ami arytenoid 
are of the hyaline variety, the epiglottis: and the carti- 
lages nl' Wri.-berg and Santorini being of the yellow, 
elastic variety. 

The trachea is lined with stratified columnar epi- 
tlirliiiiii resting upon a tunica propria. Numerous small 
racemose glands dip down from the surface into the 
Bubmucosa below. The submucosa is Burrounded by 
the lilnMiis coat, embedded in which are n number of 
C-shaped plates of hyaline cartilage, which surround 
the trachea on all sides except at its juncture with the 
esophagus, and which serve to keep the tubes open. 
External to the cartilage ia a slight layer of circular, 
smooth muscle. 

The larger bronchi continue the structure of the 
trachea, dividing repeatedly until the smaller tubes are 
reached, when the cartilage rings become smaller and 
smaller, until they entirely disappear. The epithelium 
is reduced t<> ;i single layer and the muscular coat be- 
i - relatively better developed. 
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Inside of the theca folliculi is a granular layer of 
cells derived originally from the germinal epithelium, 
and called stratum granulosum. 

At the edge the cells of the stratum granulosum are 
heaped up, forming a mass called the discus proligerus, 
or cumulus ovigerus, the inner layer of which is 
arranged radially surrounding the zona pellucida, and 
called the corona radiata, which in turn surrounds a 
delicate radially striated membrane, the zona pel- 
lucida. 

The centers of the follicles contain a cavity bounded 
by the stratum granulosa and containing a clear fluid, 
called the liquor folliculi. 

The ovum lies within the zona pellucida, and is 
bounded by a thin, transparent membrane, called the 
vitelline membrane. Within this is a granular mass, 
called the vitellus. Situated excentrically in the vitel- 
lus is the germinal vesicle, which is bounded exter- 
nally by a delicate wall, contains many chromatin fibers, 
and a small body, resembling a nucleolus, called the 
germinal spot. 

Graafian follicles of all degrees of maturity, between 
the immature and fully developed, may be found. 

When a follicle is ripe, the liquor folliculi distends 
it until it ruptures at the surface of the ovary and the 
ovum is discharged with a portion of the discus pro- 
ligerus adherent. 

The wounds in the surface thus formed are healed up 
by a multiplication of the cells of the stratum granu- 
losum, forming large polyhedral cells, between which 
fibers from the stroma carrying capillaries penetrate. 
The mass thereby produced is yellowish in color, and 
is called the corpus luteum. This varies in size and 
development accordingly as pregnancy has taken place 
or not. If pregnancy has occurred, the mass is called 



ii true corpus luteum ; if not, the development will 
Ik 1 inueli less, and it false corpus luteum results. 

Tin: blood-supply of the ovary enters at its attach- 
ment to tin' broad ligament and proceeds to the medulla, 
whence branches are given off to the stroma, forming a 
capillary network in the theca f'ollieuli. 

The lymphatics are most numerous in the medulla, 
but also oeeur in the cortex and thcca folliculi. 

Both niedullated and nonmedu Hated nerve-fibeiB 
occur, Srst penetrating to the medulla, I'rom which fine 
branches are distributed to the cortex and follicles. 

THE PAROVARIUM. 
The parovarium, epoophoron, or organ of Rosen- 
miiller, as it is variously termed, is the re mains of a 
fetal structure called the Wolffian duct. It is situ- 
ated in the broad ligament, Ijetween the ovary and the 
Falhi|)i:in tube. In structure it is found to contain a 
number of small converging tubes leading to a larger 
transverse tube, allot' which are lined by short columnar 
epithelial cells, some of which are found in the lamina 
of the tubules. 

THE FALLOPIAN TUBES. 

The Fallopian tubes, or oviducts, have three 
coats — an outer jfbroxeroux, a middle mttsriilai; and an 
inner maoous. 

The outer or fibroserous consists of a reflection of the 
peritoneum, being covered externally by a layer of flat 
endothelium, supported by a layer of fibrous tissue nni- 
taining many fibers of smooth muscle. 

The muscular coat has two layers— an enter longi- 
tudinal and an inner circular, the latter being much the 
larger. 



The mucous coat has a well-developed membrana 
propria, which is very much plicated, giving ;i [ransvrrs,.: 
section of the lumen a very irregular outline. This is 
lined by a single, layer <it' ciliated columnar epithelium. 




THE UTERUS. 

The uterus aJao contains three coats — an outer 
siT'ini, a middle miutmlm-, and an inner •jihhrli'il. 

The serous coat consists of a layer of peritoneum, 
being covered by a layer of endothelial cells which rests 
upon a layer of fibrous tissue. 

The muscular coat constitutes the bulk of the organ, 
ami may, with difficulty, be divided into three layers of 
smooth fibers, the outer layer of which runs mostly 
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longitudinally, the middle layer mostly circularly, and 
tin.- inner layer obliipioly longitudinally. 

In all tin: coals, however, many fibers are It mud nt 
all angles to the general trend. 

The epithelial coat contains a single layer of ciliated 
columnar epithelial cells, wliirli rots upon a tliin base- 
ment membrane, a true submucosal being absent. 

Scattered throughout the epithelial coat are the 




mouths of wavy, branched tubular glands, the uterine 
glands, which are lined by a single layer of ciliated 
cells resting on a slight basement membrane. These 
glands, owing I" the absence of the sul>mueos:i, extend 
to the muscular coat. 

The lower half of the cervix is lined with stratified 
squamous epithelium, which is thrown into longitudi- 
nal folds, and in cross-section resembles pupil Ue. Here, 
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also, short mucous crypts occur, which occasionally 
become occluded and form retention cysts, called the 
ovulae Nabothi. 

The blood-vessels penetrate the serous coat to the 
muscular, where they branch, sending some of their 
branches to the internal coat, there encircling the uter- 
ine glands and epithelium in a network of capillaries. 
In the middle coat large thin- walled blood-spaces 
occur between the fasciculi of muscular tissue. 

The lymphatics form a network beneath the epi- 
thelial coat, unite with slightly larger vessels in the 
muscular coat, and empty into the large vessels of the 
serous coat. 

Medullated and nonmedullated nei*ve-fibei*s occur in 
the muscular coat, sending fine branches to the epi- 
thelial surface. Along the course of the nonmedullated 
fibers small ganglia sometimes occur. 

THE VAGINA. 

The vagina has three coats — external fibrous, middle 
muscular j and inner mucom. 

The fibrous coat is well developed, and contains 
many fibers of yellow elastic tissue scattered through 
the main bulk of white fibers. 

The muscular coat consists of an outer longitudinal 
and an inner circular layer of smooth muscle, the 
boundaries of which are ill defined. 

The mucous coat consists of a well-developed mem- 
brana propria, studded with leukocytes, which is 
thrown into frequent ridges (the ruc/tv) and projections 
(papilla?). This is covered by a deep layer of stratified 
epithelium the outer layers of which are squamous. 

The blood-vessels run near the outer surface of the 
membrana propria, from which situation smaller 



branches are sent into t]ie muscular tissue and to the 
under surface of the epithelium. 

Between the muscular and mucous coats the veins 
arc arranged in a complex network, giving to the part 
slight erectile propertioss. 

The lymphatics in the mucosa empty into those &£ 
the muscular coat, and these in turn communicate with 
those of the Gbrous ooat 

Med ul luted and imnuiediillated nerve-fibers, ganglia 
and special nerve-endings (the genital end-bulbs, m 
the genital corpuscles of Krause) occur in the mucosa. 

The labia majoraare covered with stratified epithe- 
lium, the deep layers of which are more or less pig- 
mental. Hair follicles, sweat-Clauds, and srUu- is 

lbllicles are numerous. Beneath the epithelium is a 
louse areolar tissue containing much lilt and some muscu- 
lar and elastic fibers. 

The labia minora are covered with stratified epi- 
thelium, which contains neither fat, hair follicles, not 
.t-glands. The subepithelial tissue is louse in tex- 
ture and contains many large blood-spaces, making the 
tissue moderately erectile. 

Medullatal and nonmedullated nerves and genital 
corpuscles occur. 

The clitoris consists of two masses of erectile tissue 
(the corpora cavernosa) inclosed in a sheath of fibrous 
; and covered externally by stratified epithelium. 
Genital corpuscles arc numerous. 

The glands of Bartholin are small race/none 
•jliuuU lying at either side of the beginning of the 
vagina. They are lined with clear mucous cells, wiiieh 
discharge their secretions through a tube lined with 
'iort columnar epithelium into the vagina. 



THE MAMMARY GLANDS. 

Tlic mammary glands are complex tubular glands, 

tin' several lobes of which are held together by film ms 

tissue and fat, and empty side by side through the 

nipple. The acini are lined liv ;i single layer of gran- 
ular, polyhedral epidielial cells, which rests upon :i dis- 
tinct memhrnna propria. As in other glands, the 
acini are grouped into lobules and then into lobes, all 
of which are surrounded by B greater or less amount 
of fibrous tissue according to their size. 




During lactation the epithelial cells are seen to con- 
tain numerous droplets of oil in their substance. More 
01 less oil will also be found in the acini. 

The blood-vessels run between the lobules and send 
brunches into the fibrous tissue, which break up into 
capillary network surrounding the acini. 

The gland is well supplied with lymphatics, which 
occur both in the subcutaneous tissue and in the inter- 
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acinous fibrous tissue and communicate with the glands 
of the axilla. 

The milk consists of a clear fluid, suspended in 
which are immense numbers of oil droplets, together 
with some granular matter from the cells lining the 
acini and tubules. 

During the first few days of lactation certain large, 
granular, fatty, highly refracting bodies occur, which 
have received the name of colostrum corpuscles. 



© 










Fig. 49. — Elements of milk: a, Droplets of oil in milk; 6, leukocytes; e, 

large colostrum corpuscles. 



QUESTIONS FOR CHAPTER XI. 

244. Describe the general cliaracteristics of the ovary. 

245. What is the germinal epithelium ? the primordial ova ? 

246. What is the tunica albuginea ? 

247. What is the ovarian stroma ? 

248. What are the Graafian follicles ? Where do they originate ? 

249. Give the structure of the mature Graafian follicle. 

250. Describe a corpus luteum. 

251. Describe the ovum. 

252. Name the layers of the Graafian follicle and ovum in their 
sequence. 



the oourse of the tubule becomes more spiral, its walls 
being formed by the epithelial cells until it terminates 

in a fuunel-shuped expansion at die suriaiv. 




Fig. 65. -Ski ii 




THE HAIR. 

The hair is derived from the skin, and consists of 
two divisions — that within the skin called the root, and 
that external to the skin, tin? t-!«ift. 



The root lies embedded in a deep depression called 
the hair follicle. 

The shaft consists of three layers — ilie c-aliclr, corti- 
cal, and m&litlla, all of which are composed of more or 
less modified epithelial cells. 



nal fibers of sheal h 
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The cuticle is the outermost covering, and consists 
of a single layer of horny, mm nucleated cells which 
overlap one another like shingles. 

The cortical or middle layer is the thickest, and is 
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composed of many strata of greatly elongated, indis- 
tinctly nucleated, horny epithelial cells, which are very 
intimately united with one another. 

These cells become broader and shorter in the root, 
where, not having become entirely altered, they resem- 
ble the cells of the stratum mucosum. 

Scattered through the cortical portion is a greater or 
less amount of pigment upon which depends the color 
of the hair. 

The medulla or pith is often absent, but when 
present, lies in the center of the hair fiber. It consists 
of two or three columns of cuboid cells which are 
usually filled with minute air-spaces, which give the 
medulla a silvery appearance when viewed by reflected 
light, but by transmitted light it appears black. 

The hair follicle is a flask-shaped depression of the 
epidermis which extends down into the corium or sub- 
cutaneous tissue, according to the size of the hair, is 
surrounded by a fibrous sheath from the corium, and 
tightly encircles the hair root. 

At the bottom of the follicle a small projection of the 
fibrous sheath (the hair papilla) extends a short dis- 
tance into the hair bulb, carrying with it blood-vessels 
and pigment cells. 

The outermost coat of the follicle is the fibrous 
sheath, which is derived from the corium, and consists 
of three layers — the outer longitudinal., the middle 
circular, the inner glassy or hyaline layer, a delicate 
structureless membrane upon which the epithelium of 
the middle coat rests. 

The middle coat of the follicle is called the outer 
root sheath. It consists of a number (8 to 1 0) of rows 
of cells directly continuous with those from the rete 
mucosum of the epidermis. The outer cells are colum- 
nar ; those more internal become polyhedral. 
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The inner coat is called the inner root sheath, and 
consists of two layers. The outer of these is called 
llni/j'.i layer, and is composed of a layer of elongated, 
non nucleated, granukr polyhedral cells. The inm-r 
layer is called ILu-le;/'* layer, and is eomposed of one 
or two layers of polyhedral cells containing granules of 
eleidin and small nuclei. The inner cells of Huxley's 
layer rests directly upon the cuticle of the hair root. 

The arrectores pilorum are small bundles of smooth 
muscle-fibers which extend from the fibrous coat of the 
hair follicles to the upper surface of the corium. 

The contraction of these muscles raises flic hair from 
an oblique to n vertical position. 



THE NAILS. 

The nails consist of three portions — the root, the 
body, and the free niuri/iit. 

The nail groove surrounds the toot and sides of the 
botlv, the free margin projecting beyond the fingertips. 

The floor of the nail groove upon which the body 
rests is called the nail bed, that portion supporting the 
root being called the matrix. 

The nail groove has the same structure as the skin. 

The nail bed consists of a prolongation of the ooriiun, 
the upper surface of which is thrown into longitudinal 
ridges (instead of papilhe, as in the skin) that are 
covered by a number of layers of epithelial cells, re- 
sembling and continuous with the stratum Malpighii of 
the skin. 

The nail is virtually a greatly hypertrophic*) stratum 
lucid um which is formed only above the matrix and 
pushed forward as the cells of the matrix multiply. 
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QUESTIONS FOR CHAPTER XIII. 

279. What does the cutaneous system embrace ? 

280. Name the two portions of the skin. 

281. Describe the stratum Malpighii. 

282. What are prickle cells? 

283. Describe the stratum granulosum. 

284. Describe the stratum lucidum ; stratum corneum. 
285 Describe the corium. 

286. What are the papillae ? 

287. Describe the sebaceous gland. 

288. Describe the sweat-gland. 

289. Name the divisions of the hair. 

290. Describe the shaft. Describe each layer separately. 

291. What layers compose the liair follicles? Describe each 
separately. 

292. What are the arrectores pilorum ? 

293. Name the three portions of the nails. 

294. Describe the nail groove, the nail bed, and the matrix. 




THE EYE. 



The eye consists of tlie tntlmor and the posterior 
vhtimhrrx, which are separated by t.lie /m and Inm. 

The anterior chamber is limited in front and at the 
sides by the transparent cornea; posteriorly liy the iris 
and lens. 

The posterior chamber is surrounded by the retina, 
the choroid, and the sclera. 

The retina oovera the posterior portion of the inner 
surface of the eye and extends nearly to (he ciliary 
body, where it terminates in » ragged edge, called the 
ora serrata. In the renter of the retina, posteriorly, is 
an elevated spot, the macula lutea, in the center of 
which is a slight depression, called fovea centralis. 

The choroid surrounds the retina externally, is 
pierced centrally by the optic nerve in its passage to the 
retina, and terminates in front in the eiliary process and 
iris. 

The sclera is continuous posteriorly with the sheath 
of the optic nerve, passes forward, and joins the cornea 
near the latitude of the iris. Just before ils junction 
with the cornea it is joined by a reflection of the ron- 
jimrtirii, (he epithelium of which becomes modified and 
continues over the remaining anterior portion of the 
sclera and I lie entire cornea,. 

The lens is a biconvex, transparent body, situated 
immediately behind and in contact with the iris, and is 
held in position by the suspensory ligaments which an 
attached to the ciliary body. 






The ulterior chamber is filled with ;i clear fluid, 
the aqueous humor. 

The posterior chamber contains a thin, transparent, 

jelly-like substance, ealled the vitreous humor. 
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The cornea contains five lnyers, which, named fniui 
without inward, are tin- anterior epithelium, the ante- 
rior limiting membrane, the substantia, propria, the 
posterior limiting membrane, and the posterior endothe- 
lium. 



Tiie anterior epithelium is :i stratified epithelium, 
the innermost cells nl' which arc cuboid, becoming Hal- 
ter as they (irogroiis outward until the outer layers are 
Kjaamoas, 

The anterior limiting membrane, anterior elastic 
lamina, or membrane of Bowman, is a moderately 
thick basement membrane, consisting of specialized 
fibrous tissue. 

The substantia propria constitutes the main bulk of 
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the cornea, and ia composed of obliquely arranged bun- 
dles 1.1C filii'niis tissue, which are bound together by 

clear cement snhst v (hiterlibtillar eernent -ubsUiiiee) 

and a few white fibers, which are called the fibrae 
arcuaUe. 

Between the fiber bundles and in the cement sub- 
stance lie large numbers of irregular stellate lyinph- 

.-|i:iecs (tin- /iirnmi; nr roriirtit xjHtn-s), which are joined 

by a network of small canal tenli. In these spaces, 
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and following their general outline, lie the corneal cor- 
puscles, which unite by their stellate processes. 

The posterior limiting membrane, posterior elastic 
lamina, or Descemet's membrane, is a thin, clear 
membrane, resembling the anterior limiting membrane. 

The posterior endothelium, or Descemet's endothe- 
lium, consists of a single layer of flat endothelial cells, 
resting directly on the posterior elastic lamina. 

After birth, the cornea contains no blood-vessels 
excepting in a narrow zone (the limbus), just at its 
periphery. 

Lymphatic spaces occur in the lacunae and canaliculi, 
and also around the large nerves. 

The nerves are branches of the ciliary nerves, enter 
the substantia propria as rnedu Hated fibers, which at once 
lose their medullary sheath and form a network beneath 
the anterior epithelium, called the subepithelial plexus, 
which send still finer branches between the epithelial 
cells, called the intra-epithelial plexus. A few 
branches are also sent into the posterior portion of the 
substantia propria. 

THE RETINA. 

The retina may be divided structurally into three 
parts — the retina proper, the macula lutea with the 
fovea centralis, and the ora serrata. 

The retina proper contains ten layers. Named from 
within (in contact with the vitreous humor) outward 
(to the choroid coat), they are — 

1. Internal limiting membrane. 

2. Layer of nerve-fibers. 

3. Layer of ganglion cells. 

4. The inner molecular, granular, or reticular layer. 

5. Inner nuclear layer. 

6. Outer molecular, granular, or reticular layer. 



7. Outer nuclear layer. 

8. External limiting membrane. 

9. Layer <•( rods and cones, 

10. Pigment layer, pigmented epithelh 




-A ^t 






retina, or the tapjtum nigrum (forming also (lie inner 
coat of the choroid). 

The radiating fibers of Miiller are large, very 
irregular columnar fibers, which are arranged vertically 



to the inner surface of the retina, and serve to form 
neuroglia framework for the support of the several 
layers which they transverse. They extend from the 
internal limiting membrane through all the various 
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layers to the inner side of the layer of rods ami cones, 
the internal ends of which they envelop. 

In character they arc greatly modified, enlarged, and 
elongated epithelial cells, each fiber having an oval 
nucleus at about the level of the inner nuclear layer. 

The internal limiting membrane is a thin layer of 
apparently structureless tissue which is formed by the 
bases of the fibers of Muller joining for a short dis- 
tance. 

The nerve-fiber layer is composed of numbers of 
naked axis-cylinder fillers, the radiating continuations 
of the libers of the optic nerve. These fibers, after 
running a. varying distance in the nerve-fiber layer, 
turn upward nearly at right angles and enter the layer 
of ganglion cells. The layer of ganglion cells contains 
usually n single layer of large ganglion cells whose 
axis-cylinders are COntinnQUfl Wltll the fibers of the 
nerve-fiber layer. The outer sides of the cell give off 
dendritic processes, which branch and extend into the 
inner molecular layer. 

The inner molecular layer consists of a tangled 
fibrillar mass of neuroglia tissue from the fibers of 
Muller, interspersed with the processes of the nerve- 
cells in the ganglion layer and the inner nuclear layer. 

The inner nuclear layer contains some branches 
from and the nuclei of the libers of Muller, together 
with three types of nerve-cell and (heir processes. 

The inner layer of these nerve-cells is inulti polar, 
sending its processes into the inner molecular layer. 

The second type of cell is arranged in several 
layers and sends its processes into both the inner and 
outer molecular layers. 

The external layer of nerve-cells is composed of 
stellate ganglion cells (that have been called spongio- 
blasts in- amacriues) ; they send axis-cylinder processes 
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into the inner molecular layer and protoplasmic pro- 
cesses into the outer molecular layer. 

The outer molecular layer is composed of the neu- 
roglia and nerve-cell processes, between which are situ- 
ated a few ganglion cells (the subepithelial ganglion 
cells), some of which lie horizontally, their axis-cylin- 
der fibers running in the same direction and ending in 
arborizations beneath the rods and cones, and their pro- 
toplasmic fibers stopping at the outer nuclear layer, the 
other cells lying vertically and sending processes down 
into the inner nuclear layer. 

The outer nuclear layer contains a clear matrix, 
mostly derived from the outer terminations of the fibers 
of Muller, embedded in which are the inner ends of the 
rods and cones with their nuclei. 

The external limiting membrane is a thin mem- 
brane derived from the matrix of the outer nuclear 
layer, and is pierced by the cells of the rods and cones. 

The layer of rods and cones contains, as its name 
implies, two types of cell, which extend from the outer 
or pigmented epithelial layer through the internal 
limiting membrane, and constitute part of the outer 
nuclear layer. 

The rods and cones are neuro-epithelial cells, and are 
called the visual cells. 

They occur alternating irregularly, being present in 
the proportion of about three or four rods for each 
cone. 

The rod cells consist of two portions — an outer and 
inner. The outer portion occupies the true layer of 
rods and cones, and is subdivided into two portions. 
The outer subdivision is a homogeneous cylindric rod, 
which is colored a purplish tint by a substance called 
the visual purple, or rhodopsin, which soon becomes 
bleached upon being exposed to the light. 



The inner subdivision is slightly enlarged, anil is 
longitudinally striated at its outer margin, becoming 
granular near the outer limiting membrane. 

As the rod cell passes through the outer limiting 
membrane it rapidly narrows to a fine filament having 
mi enlargement BOmewhere near the center containing 
the nucleus of the rod. This portion of the rod lie- in 
the outer nuclear layer, and constitutes the inner por- 
tion of the rod above mentioned, 

The cone cells, like the cods, penetrate the outer 
limiting membrane, and contain an outer portion in the 
true layer of rods and cones and an inner portion in the 
outer nuclear layer. 

The outer portion is likewise subdivided, tli iter 

subdivision being shorter than the corresponding ]ior- 
tion of the rod cell, and is conical. The inner subdi- 
vision is slightly broader nud finely striated. The outer 
portion internal to the limiting membrane rapidly nar- 
rows to a line filament containing an enlargement and 
nucleus near the limiting membrane. 

The pigment layer consists of a single layer of 
large epithelial cells, the outer half of which is clear 
and contains the nucleus. The inner half contains many 
black granules of a pigment called fuebsin. 

The macula lutea differ from the retina proper in 
the following respects: (1) The layer of nerve-fibers is 
incomplete ; (2) the ganglion cells are very numerous 
and arranged in several layers ; (o) rod cells are ab- 
sent ; (4) the entire structure is stained a distinct 
yellowish color. 

The fovea centralis is depressed until at its fundus 
only the visual oone erlls are left resting upon the pig- 
ment cells. 

The ora serrata is regular in outline and becomes 
thinner abruptly. In it the nerve-fibers and ganglionic 
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layers are absent, the two molecular layers terminate 
and the fibers of Muller become very prominent 

The layer of pigment cells continues slightly modi- 
fied as the outer lamina and the remaining layers 
dwindle down to a layer of columnar cells forming the 
inner lamina of the pars ciliaris and the pars iridica 
retinae, which are recovered internally by a thin mem- 
brane or cuticle. 

The blood-supply is derived from the arteria cen- 
tralis retinae, which enters through the center of the 
optic nerve and branches out to form an inner broad 
network of capillaries in the nerve-fiber layer and a 
finer network in the inner nuclear layer. The neuro- 
epithelium is nonvascular and receives its nutrition from 
the vessels of the choroid coat. 



THE CHOROID. 

The choroid coat contains four layers. 

The first and most internal is the layer of pigment 
cells, which is common to both the choroid and the 
retina. 

The next is the glassy lamina, or vitreous mem- 
brane, an apparently structureless, hyaline membrane 
upon which the pigment layer rests. 

External to this is the thin capillary layer, or 
choriocapillaris, consisting of a thin, fibrous stroma, 
containing a close, capillary network continuous with 
the terminal branches of the ciliary artery. 

The last layer is by far the thickest, and is called 
the stroma. It is composed of w r hite, fibrous and yel- 
low, elastic fibers, between which are large numbers of 
branched, darkly pigmented cells, which give the coat 
its black appearance. This layer is very vascular, the 
outer portion containing large vessels. As the inner 
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A small number of nonmedullated nerve-fibers are 
found \»-lnis distributed to the blond- vessel walls. 

Small perivascular lymph-spaces arc occasionally 
seen around the veins of the stroma. 



SCLERA. 
The sclera contains three layers : 
The innermost consists of a layer of endothelial 
cells, which separates it anil the choroid. 

The middle layer consti lutes the bulk of the coat, 
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and is composed of dense, white fibers and yellow, 
elastic fibers, supporting many fixed and wandering 
connective-tissue cells. The innermost portion of this 
is somewhat looser in texture, contains numerous 
branched pigmented cells, and is called the lamina 
f usca sclera. This layer is also continuous, anteriorly, 
with the substantia propria of the cornea. 

The outer layer of the sclera is a layer of endothelial 
cells. 

A few small blood-vessels are present which present 
no characteristic distribution. 

Lymph-spaces communicating with one another 
occur surrounding the cells. 

Only a few naked axis-cylinders of nerve-fibers are 
found in the sclera. 



THE CILIARY BODY. 

The ciliary body lies on the inner surface of the 
eyeball, at the anterior portion of the posterior cham- 
ber. It may be divided into three portions — the ciliary 
ring, the ciliary processes, and the ciliary muscles. 

The ciliary ring is a continuation of the choroid 
coat, extending from a point below the ora serrata to 
the ciliary processes. It differs in structure from the 
choroid in containing numerous smooth muscle-fibers 
from the ciliary muscle, has but little elastic tissue, and 
the choriocapillaris is absent. 

The ciliary processes constitute the inner surface of 
the ciliary body, and consist of fibrous stroma which is 
thrown into a large number (60 to 80) of circular folds. 

These are covered internally by a thin, transparent 
membrane, continuous with the glassy lamina of the 
choroid. 

Internal to this is a row of darker pigmented cells, 



whirli, iii turn, are covered by a layer of columnar 
cells, interna] to which is a thin, transparent, internal 
limiting membrane. All of these hist three layers are 
continuous with the similar layers of the retina. 

The ciliary muscle lies asternal to the ciliary pro- 
cesses, ami contains smooth muscular fibers, which arc 
arranged in three directions, and which in contracting, 
change the form of the lens in the process of accommo- 
dation. 

The outer layer of fillers run parallel to the Bclcra, 
and hit called the mcinlional fibers. 

Below these, posterior I v ami running at a slight angle, 
are the radial fibers. 

In front of the radial fibers a smaller number of 
fibers run eireiihirly around the ciliary body. These 
are called the circular fibers. 

Lying in the sclera, about at the junction of the 
cornea, sclera, and ciliary bodies, is a small oval, 
venous channel, called the canal of Schlemm. 

The blood supply is not prominent, being distrib- 
uted chiefly to the ciliary muscle-fibers. 

A small plexus of medullated iirrvi'-fihcrK is found in 
the ciliary body, from which small branches pass to the 
eve and cornea. A small number of ganglion cells also 
occur. 

THE IRIS. 

The iris extends from the anterior edge of the ciliary 
body, between the anterior and posterior chambers of 
the eye. It consists of five layers — anterior endothelium, 
anterior boundary layer, vascular layer, posterior bound- 
ary layer, and pigment layer. 

The anterior endothelium is a single layer of flat, 
granular endothelial cells, which are continuous with 
the posterior endothelium of the cornea. 
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The anterior boundary layer consists of meshworks 
of fibrous tissue, entangling large numbers of lymphoid 
cells, the whole resembling adenoid tissue. 

The vascular layer composes the main bulk of the 
iris, and is composed of loose fibrous tissue, in which 
lie a radiating plexus of arteries and two sets of smooth 
muscular fibers. The iris is surrounded by an artery 
(the eircvlus iridis major), from which the above-men- 
tioned radiating plexus arises and converges to a 
smaller arterial ring at the margin of the pupil (the 
cireulus iridis minor). 

The muscles are arranged in two sets. The inner 
forms a ring around the pupil, which it narrows upon 
contraction ; the other set is arranged radially and, upon 
contracting, serves to dilate the pupil. 

The posterior boundary layer, or vitreous lamella, 
consists of a thin structureless membrane, which seems 
to support the pigment cells. 

The pigment layer consists of the following layers : 
The anterior is a layer of spindle-shaped cells, which are 
arranged radially and are more or less pigmented. The 
middle layer is thicker, and consists of cells much 
more darkly pigmented, so that their outline is lost ; 
the amount of the pigment in this as well as that of the 
anterior layer depending upon the color of the eyes, 
being absent in albinos. 

The inner layer, cuticvlar membrane, or membrana 
limitans iridis, is a very thin membrane. 

These layers of the pigment layer are continuous 
with the pigment layer of the ciliary processes. 

The nei % ves in the iris lose their medullary sheath, 
and are distributed to the circular and radiating mus- 
cular fibers. 



THE LENS. 

The lens is a transparent, biconvex structure which 
lies immediately behind the iris. 

It consists of a lenticular mass of lens fibers, covered 
on its anterior surface by the lens epithelium, the whole 




being surrounded by a capsule and retained in jHjsitimi 
by the suspensory ligament. 

The capsule consists of a thin membrane of elastic 

tissue, thicker in front than behind, into which the 
fibers of the suspensory fibers merge. 
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The lens epithelium consists of a single layer of 
cuboid cells covering the anterior surface of the lens, 
and lying just beneath the capsule. At the edge of 
the lens these cells become muoh elongated and merge 
into the lens fibers. 

The lens fibers constitute the bulk of the lens, and 
consist of long, clear, hexagonal fibers, extending from 
the edge to the center of the lens. The fibers are 
nucleated near the edge, the remainder being perfectly 
clear and transparent. They are held together by a 
clear cement substance, which is reinforced in the cen- 
tral zone, the fibers there being serrated by a dovetail- 
ing of the edges. As the fibers do not completely en- 
circle the lens, there are places where the ends of the 
fibers abut, which form the stellate areas called the 
lens stars. Two of these occur, the anterior and the 
posterior. 

The suspensory ligament, the zonula ciliaris, or 
zone of Zinn, consists of thin fibers which begin at the 
ora serrata (where they are continuous with the hyaloid 
membrane of the vitreous body) and, extending over 
the ciliary processes to which they are attached, pass to 
the lens. Just before reaching the lens the fibers sepa- 
rate, part going to the anterior portion of the edge and 
part to the posterior portion of the edge. In this way 
a small triangular space is left surrounding the lens 
and bounded by the two portions of the suspensory 
ligament. This space has been called the canal of 
Petit. 

THE AQUEOUS HUMOR. 

The aqueous humor consists of a clear fluid in 
which a few leukocytes may be found. 
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TIIIC EYELIDS. 



THE VITREOUS HUMOR. 



The vitreous humor consists of a very loose net- 
irk of delicate tibrils ami branching cells, the meshes 
of which are greatly dilated by the dear jelly-like vit- 
reous substance. It is surrounded by ii slightly denser 
membrane of fibrous tissue which, anteriorly, is con- 
tinuous with the suspensory ligament, and is called the 
hyaloid membrane. Occasional leukocytes arc also 
found both in the hyaloid membrane and in the body 
of the vitreous. 

THE EYELIDS. 

The eyelids consist of five lay ere — the skin, mus- 
cular layer, median connective tissue, tarsal plate, and 
conjunctiva. 

The skin, with its subcutaneous tissue, has the same 
structure as elsewhere, being, however, unite thin. 

The muscular layer consists of irregular bundles of 
voluntary muscle- fibers from the orbicularis n:il|" luc- 
rum. 

The median connective-tissue layer consists of 
fibrous tissue, containing occasional smooth muscle fas- 
cicular. 

The turm/ plulc consists of fibrous tissue much denser 
than the latter, embedded in which lie a number of 
long, compound tubular glands (the Mc'thivmi«:i i/IuikIh), 
which secrete a fatty substance just internal to the eye- 
lashes. 

The conjunctiva covers the inner surface of the eye- 
lid, and is reflected over upon the eyeball at a point 
near the corneoscleral junction. It is composed of a 
basement membrane covered by epithelium, which at 
the inner surface of the lid is stratified, columnar, and 
continuous with that of the skin. Xear its junction 
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with the sclera the cells become flattened and continue 
over the cornea as the anterior epithelium. 



THE LACRIMAL GLANDS. 

The lacrimal glands are small racemose glands of 
the serous type, which are situated at the upper outer 
angle of the orbit. Their secretion is poured upon the 
surface of the conjunctiva by a number of small canals. 



QUESTIONS FOR CHAPTER XIV. 

295. Name the chambers of the eye. What separates them ? 

296. Give the boundaries of the anterior chamber ; of the pos- 
terior chamber. 

297. Describe the gross structure of the retina, of the choroid, 
of the sclera, of the lens, and of the cornea. 

298. Name the layers of the cornea. Describe each separately. 

299. Describe the lymphatic and nerve supply of the cornea. 

300. Name the three i>arts of the retina. 

301. Name the ten layers of the retina in their order. 

302. Describe each layer of the retina. 

303. What are the radiating fibers of Miiller ? 

304. Describe the macula lutea. 

305. Describe the fovea centralis. 

306. Describe the ora serrata. 

307. Describe the blood supply of the retina. 

308. Name the four coats of the choroid. Describe each sepa- 
rately. 

309. Describe the nerve, lymphatic, and blood supply. 

310. Name the three layers of the sclera. Describe each. 

311. What is the ciliary body? Describe its structure. 

312. What is the canal of Schlemm ? Give its location. 

313. What is the nerve and blood supply ? 

314. Name the five layers of the iris. Describe each. 

315. Give the general structure of the lens. 

316. What are the lens stars ? 
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317. Describe the suspensory ligaments. 

318. Describe the aqueous humor. 

319. Describe the vitreous humor. 

320. Name the layers of eyelids and describe each. 

321. Describe the lacrimal glands. 



CHAPTER XV. 

THE EAR, 

The ear may be divided into three portions — the 
external ear, the middle ear, and the internal ear. 

The external ear consists of the pinna, or auricle, and 
the auditory canal. 

The pinna, or auricle, consists of a basis of yellow 
elastic cartilage, which is covered by the skin and its 
subcutaneous tissue. In the inner surface are found 
coiled tubular glands, which are modified sweat-glands, 
and secrete a waxy substance. These are called the 
ceruminous glands. 

The auditory canal is a little over an inch in length, 
extending inward to the tympanum. 

The outer half of the canal is composed of cartilage 
continuous with that of the pinna. The inner half is 
osseous in structure. The entire canal is lined with a 
thin stratified epithelium, containing a few hairs and 
ceruminous glands near the outer portion of the canal. 

The middle ear includes the tympanum, the Eu- 
stachian tube, the mastoid cells, and the tympanic 
cavity, with the small ear bones, or ossicles. 

The tympanum consists of three layers. The eocternal 
layer is a thin, stratified epithelium, continuous with the 
lining of the auditory canal. 

The middle layer is a thin membrane of white, fibrous 
tissue. 

The internal or mucous layer consists of a single layer 
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of cuboid epithelial cells, continuous with the lining of 
the tympanic cavity. 

lil'Mnl-ri'xxi'U, ti/Hiji/i'tHr.s, and nerves are very numer- 
ous. 

The Euxfacliittii tulii- consists of throe portions. The 
inner, opening into the tympanic cavity, lias bony walls ; 
the middle portion, yellow, elastic, cartilaginous walls j 
and the portion opening into the pharynx is fibrous. 




The entire tube 
epithelium. 

The fi/u/jfiiirr 
their periosteum. 



i lined by stratified, ciliated, columnar 



rili/ and m'l.iftih! ecfk are lined by 
, npon whieli is a thin layer of fibrous 
tissue supporting the epithelium. This and the mas- 
toid cells and the promontory are flat, and but a single 
layer in thickness. Over the other portions of the 
cavity the epithelium is columnar-ciliated. 



The ossicles have* the usual structure of mm pad bone, 
being covered at their articulations with hyaline carti- 
lage, 

The internal ear, or labyrinth, comprises the vesti- 
bule, semicircular canals, the cochlea, and the mem- 
branous labyrinth. 

The ciHlibttl? and mnkirmlar canals are lined by a 
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very thin fibroseroos membrane, which secretes a thin 
fluid — the perilymph. 

The perilymph tills the space between the walls am 
the mem bra n cms labyrinth. 



The membra nann labyrinth has three portions — the 
saccule, the utricle, and that portion in the semicircular 
canals. All, however, have a similar structure consisting 
of three layers. The outer is of fibro-elastic tissue, the 
middle layer a delicate basement membrane, ami the 
inner a single layer of souamouB epithelium. 

At certain ureas marking the entrance of the auditory 
nerve-fibers the membrane is much thickened, (he epi- 
thelium covering these areas becoming columnar, until 
at the cud of the nerve-fibers the ncuro-epitheliuni is 
reached. These spots are called the macula? oribroHq 
in tlic saccules and utricles, and the crista: aeusticie in 
the semicircular canals. The neuro-cpithelium is of two 
kinds — fiber cells and hair cells. 

The fiber eellx are long, slightly hourglass-sha|H'd 
element*, the bottom expansion being slightly larger 
than the upper. They nave good-sized oval nuclei 
situated in the lower portion. These celts serve as 
supporting elements. 

The hair cells are more cvhudrie elements, situated 
between the fi!>er cells. They have a large spheric 
nucleus, and their free surface is covered by long, deli- 
cate filaments, called the auditory hairs. The hair cells 
are the special ending's of the auditory nerve. 

T.*]Min the surface of the liair cells a gelatinous suit- 
stance is spread, in which are embedded numerous 
slightly elongated crystals of calcium carbonate, called 
the atalithx, or car utrnifS. 

The center of the membranous labyrinth is filled with 
a clear fluid, which is called the eaaoigmph. 

THE COCHLEA. 
The cochlea consists of a small tube coiled spirally 
two and a half times around a central pillar (the 
modiolus). 
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The modiolus contains the fibers of the cochlear 
branches of the auditory nerve-fibers from which they 
pass into the spiral tube. 

The spiral tube contains a long spiral lamina, which 
extends as a shelf from the modiolus to its center. 

From the free edge of this bony lamina a triangular 
duct (the membranous cochlea or ductus cochlearis) 
extends, its base being attached to the periphery of the 
bony tube. 

This arrangement constitutes virtually three tubes ; 
that above the bony lamina is called the scala vestibuli, 
that within the ductus cochlearis is called the scala 
media, that below is called the scala tympani. 

The membrane forming the boundary between the 
scala vestibuli and the scala media is called the mem- 
brane of Reissner, or membrana vestibularis. That be- 
tween the scala tympani and the scala media has 
received the name of the membranous spiral lamina. 

The scala? vestibuli and the tympani are lined by 
the periosteum, which is considerably thickened at the 
periphery or point of attachment of the ductus coch- 
learis, and is called in this location the ligamentum 
spirale. 

The membrane of Reissner consists of three layers : 
that bounding the scala is of epithelium ; the middle 
layer is of thin fibrous tissue ; that layer lining the 
scala media is a single layer of squamous epithelium. 

The membranous spiral lamina also has three 
layers — the tympanic lamella, the basilar membrane, 
and the epithelium. 

The tympanic lamella forms part of the lining of 
the scala tympani, and consists of a dense layer of 
fibrous tissue, the outer surface of which is covered by 
fusiform cells of undeveloped mesoblastic nature. 

The basilar membrane forms the supporting por- 



tinti of the membranous spiral lamina, ant 
of fibrous tissue. 

The epithelium covering the peripheral portion of 
the spiral lamina ia Hat and slightly granular. These 
cells are termed the cells of Claudius, ami the area 
covered by them the zona pectinata. 

At the inner portion the cells become greatly special- 
ized and form a mass called the organ of I 'orti, the area 
covered by it being known us the zona teeta. 
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The organ of Corti consists of numerous arches of 
epithelial cells, joiner! side by side to form a long tun- 
nel, which extends nearly the whole length of the 

Several types of epithelial cells contribute to the 
formation of the organ. 

Ou either side of the arch proper, and really forming 



174 THE EAR. 

part of it, are the pillar cells. These are tall, narrow cells 
with expanded bases, and, according to their position, 
are known as outer or inner pillar cells. 

The inner cells are somewhat the shorter of the two 
and have a concave upper outer surface, into which the 
convex adjoining surface of the outer cell fits. The 
tunnel thus formed contains a clear, thick fluid, through 
which many nerve-fibers pass. 

Just internal to the inner pillar cells is a row of 
shorter, tailed columnar cells (one cell wide in each 
arch). These cells have a number of hair-like pro- 
jections on their free end, and are called the inner 
hair cells. 

Still internal to these are a number of columnar cells 
which serve as inner sustentacular cells. 

External to the outer pillar cells three or four rows 
of hair cells occur, which resemble the inner hair cells, 
but are called the outer hair cells. 

Situated below these cells, and sending up slender 
prolonged ends separating the outer hair cells from each 
other, are a few fusiform cells, called the cells of 
Deiters. Between these cells spaces frequently occur 
which communicate with the tunnel and contain a clear 
fluid, and are called Nuel's spaces. 

External to the cells of Deiters are a few cells in- 
termediate in size, which gradually merge with the 
cells of Claudius, and which are called the cells of 
Hensen. 

The nerves branch continually from the modiolus, 
fibers passing into the ganglion spirals which are sit- 
uated just within the bony spiral lamina. From this 
the fibers pass to the inner hair cells, and thence across 
the tunnel to the outer hair cells. 

The blood supply of the cochlea consists of a number 
of branches from the cochlear branch of the auditory 
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artery. Some of these branches supply the lower por- 
tion of the cochlea, the rest passing up the modiolus, 
where some of them coil up to form the glomeruli 
cochleae ; others proceed to the membrane of Reissner. 
Branches from the glomeruli pass into the membranous 
spiral lamina. 

The fluid in the perilymph-spaces of the entire inner 
ear intercommunicate, and are also in connection with 
subarachnoid lymph-spaces. The endolymph-spaces 
likewise communicate with each other and with subdu- 
ral spaces. 

QUESTIONS FOR CHAPTER XV. 

322. Name the three portions of the ear. 

323. Describe the structure of the auricle ; the auditory canal. 

324. What is included in the middle ear ? 

325. Describe the three layers of tympanum. 

326. Describe the Eustachian tube. 

327. Describe the structure of the tympanic cavity and the mas- 
toid cells. 

328. Describe the structure of the ossicles. 

329. What structures comprise the internal ear ? 

330. Describe the structure of the vestibule and the semicircular 
canal. 

331. Describe the structure of the membranous labyrinth. 

332. What is the perilymph? 

333. What is the neuro-epithelium, the fiber cells, and the hair 
cells? 

334. What are the auditory hairs? the otoliths? 

335. Of what does the cochlea consist ? What is the membranous 
cochlea? 

336. What is thescala vestibuli? the scala media? 

337. What is the membrane of Reissner ? Describe it. 

338. What is the membranous spiral lamina ? Describe it. 

339. What is the organ of Corti ? Describe it. 

340. What are the cells of Deiters? 
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341. Describe the nerve distribution of the internal ear. 

342. What are the ganglion spiralse ? 

343. Describe the blood supply of the internal ear. What are the 
glomeruli cochleae ? 

344. Describe the lymph supply of the internal ear. 



CHAPTER XVI. 
THE NASAL MUCOUS MEMBRANE. 

The nasal membrane is divided into two parts — 
the respiratory and tlie olfactory tracts. 

The respiratory mucous membrane is lined with 
stratified columnar, ciliated, epithelial cells, under 
which is a well-marked aubmocoea of loose fibrous tis- 
sue containing many glands and blood-vessels. The 
glands are tubular, and may be either serous or mucous 
in character. Many leukocytes arc found surrounding 
the glands and scattered through tin* fibrous tissue, as 
well as occasionally invading the epithelial covering. 
Small lymph-nodes, or follicles, arc seen quite fre- 
quently, as well as small, scattered masses of diffuse 
adenoid tissue. 

The olfactory mucous membrane differs from the 
respiratory in color, being brownish ami circumscribed, 
the color limit not, however, exactly marking the ex- 
tent of the olfactory cells, which may continue into the 
apparently red of the respiratory membrane, 

It consists of two layers — the epithelial tissue and 
the subepithelial tisane. 

The epithelial tissue is stratified in character and 
contains three types of cell : 

The mutent'.u'iihir rrllx eim-titute the chief bulk of 
the epithelial layer, being cylindrical, with a round 
nucleus at the outer portion and an irregular, thin inner 
portion, which gives place to and surrounds the other 
elements. 



, 
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The olfactory celh are long, very narrow cells, with 
a nuclear expansion containing a spheric nucleus, situ- 
ated at varying distances from the end of the cell. The 
cells are situated at different levels between the susten- 
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taeular cells, and are in connection with delicate fila- 
ments of the olfactory nerve at their inner ends. 

The basal cell* are a row of modified cuboid, susten- 
tacular cells which lie immediately upon the subepithe- 
lial tissue. 

The subepithelial tissue consists of a rather loose 
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mixture of white fibrous and yellow elastic tissue, into 
which a number of branched tubular glands, called the 
glands of Bowman, extend. 

The blood-vessels are usually found deeply situated 
in the subepithelial tissue, sending very numerous 
branches, however, to the tissue immediately under the 
epithelium as a capillary network. 

The lymphatics are quite numerous, consisting of 
many nodes and follicles, with lymph-spaces in the 
upper portion communicating with the large lymph- 
vessels deeper in the tissue. 

The nerves are both sensory and special sense, from 
the trifacial and olfactory nerves respectively. The 
fibers of the olfactory nerve are nonmedullated, and 
eventually communicate with the olfactory cells. The 
sensory fibers are medullated, and are distributed to the 
under layer of the epithelial, but not to the olfactory 
cells. 

QUESTIONS FOR CHAPTER XVI. 

345. What are the two divisions of the nasal mucous mem- 
brane? 

346. Describe the structure of the respiratory mucous mem- 
brane. 

347. What are the two layers of the olfactory mucous mem- 
brane? 

348. Describe the sustentacular cells ; the olfactory cells ; the 
basal cells. 

349. Describe the subepithelial tissue. What are the glands of 
Bowman? 

350. Describe the blood-vessels of the nasal mucous membrane ; 
the lymphatic ; the nerves. 



CHAPTER XVII. 

THE CENTRAL NERVOUS SYSTEM. 

THE SPINAL CORD, 

The spinal cord is continuous with the medulla ob- 
longata, and extends downward in the spinal canal to 
the beginning of the lumbar region, at which locality it 
divides into a number of fibers, called the fibrse ter- 
minates. 

The cord is covered externally by three membranes, — 
the dura mater, the arachnoid, and the pia mater, — 
which serve as a support to itself and its blood-vessels. 

The dura mater is the outermost of the membranes 
of the cord, and is composed of bundles of fibro-elastic 
tissue, interspersed with thin connective-tissue- cells, 
granular cells, and narrow lymph-spaces. Most of its 
external surface is attached directly to the bone, but 
areas occur in which spaces exist containing lymph and 
lined by endothelium. These spaces are called the 
epidural spaces. 

The inner surface of the dura mater is also covered 
with endothelium, excepting where it is united by small 
branches to the arachnoid. 

The arachnoid lies internal to the dura, and, while 
in contact with it throughout most of its extent, is at- 
tached only by but a few delicate fibers. 

Between the two membranes occasional spaces exist, 
which are called the subdural spaces. 

Other spaces also occur between the internal surface 
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of the arachnoid and the pia mater, which are I 
the subarachnoidean spaces. All the spaces of t 

arachnoid are covered by endothelium. Projecting n 
ward into the subdural spaces occasional papilla; oeeui 
which in certain localities are much enlarged, being t" 
called the Pacchionian bodirs. 

The .substance of the arachnoid is of much finer con- 
nective tissue than the dura, and its structure is very 
loose in texture. 
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Neither blood-vessels nor nerves occur in the arach- 
noid, but lymph-spaces are numerous. 

The pia mater lies internal to the arachnoid, and i 
applied closely to the substance of the spinal cord, 
presents two layers : 

The outer hnji-i- is very vascular, is composed of fibrous 
tissue, and is covered on its external surface by cudc- 
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thelium, excepting where small fibers connect it with 
the arachnoid. 

The inner layer is less vascular, and sends prolonga- 
tions down into the substance of the cord, and between 
the anterior and the posterior fissure. 

A few scattered nonmedullated nerve-fibers occur. 

The substance of the cord is composed of white 
matter and gray matter. 

The gray matter is arranged in the form of an H- 
shaped mass, situated in the central portion of the cord, 
and almost entirely surrounded by white matter. The 
two upright lines of the H are crescentic in outline, and 
run anteroposteriorly, so that the middle piece will lie 
transversely. The two anterior portions are slightly 
shorter and somewhat thicker than their posterior coun- 
terparts, and are called the anterior horns, in contradis- 
tinction to the latter, which are known as the posterior 
horns. 

The anterior horns have numerous projecting pro- 
cesses pointing outward to the surface, but do not them- 
selves extend as near to the ^anterior surface as do the 
posterior horns to the posterior surface. 

The posterior horns are narrower, and in most 
localities extend to the posterolateral surface of the 
cord. 

The middle piece of the H is termed the gray com- 
missure, and contains in its center an opening which 
is lined with ciliated epithelium, and, being continuous 
with the ventricles of the brain, contains cerebrospinal 
fluid. This structure is called the central canal, and 
serves to divide the gray commissure into two parts, 
that in front of the canal being called the anterior gray 
commissure, and that behind the canal the posterior 
gray commissure. 

The white matter surrounds the gray matter, giving 



a section (*f tho cord ;i rather oval outline-— broader or 
narrower, according to location. From the center of 
the periphery anteriorly a slight cleft extends into the 
substance of the curd, reaching nearly to the anterior 
gray commissure, which is culled the anterior median 
fissure. Opposite this a slight cleft occur* 011 tiie pos- 
terior aspect which is continued nearly to the posterior 
gray commissure an a, fibrous line, known as the pos- 
terior median fissure. Between the bottom of the 
anterior and posterior median fissures ami the gray 
commissure are small bridges of white substance, called 
respectively the anterior and the posterior white com* 
nn'ssiircs. 

The two llssuivs ami (lie horns of gray matter divide 
the oord into vertical columns, which have been termed 
the primary columns. The two masses of tissue on 
either side of the anterior median fissure ami the ante- 
rior horns an- called the anterior oohatms. That be- 
tween the anterior and the posterior on the same side 
form the lateral Columns. Both of the former taken 
together are sometimes known as the awtervfateral cot 
umnx. The white mailer situaied between the posterior 
fissure and the posterior borne is known as the posterior 

cnliliiai. 

Bach ni' these columns is further subdivided into 
secondary columns, according to the distribution of 

the tiliers composing ii. 

About half of tic anterior columns (adjacent to the 
fissure) is composed of fibers running downward, and 
is -■ailed the direct pyramidal tract, or Torek's ooj- 
nmn. The remainder of the anterior column is com- 
posed of tiliers carrying ascending impulses, and con- 
stitutes the anterior ground bundle, or anterior 
fundamental column. 

The lateral column is divided into five tracts — the 



184 THE CENTRAL NERVOUS SYSTEM. 

direct cerebellar, the ascending anterolateral or Growers' 
tract, the crossed pyramidal, the descending antero- 
lateral, and the mixed lateral. 

The direct cerebellar tract occu pies a narrow band 
at the posterior half of the surface of the lateral column. 
Its filers are descending. 

The crossed pyramidal tract lies internal to the 
direct cerebellar tract, its fibers being descending. 

The descending anterior lateral tract lies internal 
to (lower* s tract and anterior to the crossed pyramidal 
tract. Its fibers are descending. 

The mixed lateral tract occupies a small space 
bounded internally by the gray matter and externally 
by portions of both the crossed pyramidal and the 
descending anterolateral tract. The mixed tract con- 
tains both ascending and descending fibers. 

The posterior column is divided into two tracts — the 
column of Burdach and the column of Goll. 

The column of Goll, or fasciculus gracilis, occupies 
a wedge-shaped area covering the median half of the 
posterior column. Its fibers are ascending. 

The column of Burdach, or fasciculus cuneatus, 
occupies the remainder or lateral half of the anterior 
column. Its fibers are also ascending. 

MINUTE STRUCTURES* 

The gray substance consists of an intricate tangle 
of nerve-cells, nerve-fibers, and a specialized connect- 
ive tissue, called the neuroglia. 

The nerve-cells in the gray matter are arranged 
more or less in groups. In the anterior horns four 
groups may be recognized — the inner or median, the 
anterior, the anterolateral, and the posterolateral. At 
about the junction of the anterior and posterior horns, 



on thi' external side, an enlargement occurs, which in 
tin' dorsal region is must, distinct, and is called the lat- 
eral horn. In the lateral horn ;i final I group of nerve- 
cells occur. In the posterior horn the culls ace more 
scattered, no constant grouping occurring, with the ex- 
ception of a spiit at the inner root of the horn, where 
the column of Clarke, a group of large cells, is found. 
In the anterior horn ami column of Clarke the 




nerve-cells arc very large and stellate, sending off' many 
processes in various direct inns, which branch repeat- 
edly to form dense arlmrimitiniis of fibrils, called den- 
drites. One of the processes, however, continues on 
and eventually becomes the axis-cylinder of a nerv* 
fiber, and is called the axis-cylinder process, axon, or 
neuraxon. 

The ganglion cells themselves have large, clear vesic- 
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ular nuclei, with usually a well-marked nucleolus in 
each cell. In the cell-body a greater or less amount of 
granules occur, which exhibit specific staining reactions. 
These granules vary in amount, location, and distribu- 
tion in various cells, and appear to bear a relation- 
ship to the state of activity of the various cells previous 
to death. They have received the names of chromatic 
granules of Nisei, or chromatophilic granules. 

In the posterior horn the cells are somewhat smaller 
and tend more to incline toward a fusiform outline, re- 
maining, however, multipolar. 

While the dendritic processes of the various cells 
interlace most intimately with one another as well as 
with the terminal arborizations of nerve-fibers whose 
cells are at a distance, still it w T ould seem as though 
there was no structural union between the fibers of sep- 
arate nerve-cells, any impulse passing from one cell to 
another apparently acting by contact of the fibers or 
through the minute spaces which separate them. 

Beside the nerve-cells and their various processes, a 
small number of medullated nerve-fibers may be found 
in the gray matter. 

The interstitial substance of both the white and the 
gray matter is composed of what is termed neuroglia 
tissue. This is a tissue composed of nucleated much- 
branching cells (the glia cells), of which there are two 
chief varieties — the spider cell and the mossy cell. In 
the spider cells the processes are long and delicate, 
branching but little. The mossy cells, on the con- 
trary, have thick and short processes, which branch 
irregularly and are more in the gray matter. 

At the base of the posterior horns, especially at the 
edges, a more open structure is found, which contains 
but few cells, called the reticular process. At the 
summit of the posterior horns a slightly enlarged mass 



of clear, jelly-like substance, consisting structurally 
mostly of neuroglia tissue, occurs, termed the sub- 
stantia gelatinosa Rolandi. Posterior to this ;i small 
zona spongiosa occurs bounded by a narrow zone of 
vertical nerve-fibers, tailed the zona terminalis. 
■ The white substance consists.of a slight framework 
of fibrous tissue, extending from tlir phi mater, which 
Supports large numbers of nerve-libers, between which 
occur numerous glia cells. 

The nerve-liber.'- have a medullary sheath, but are 
devoid of neurilemma. Most of the fibers nm verti- 
cally, — that is, parallel to the long axis of the eortl, — 
but many fibers may be found running obliquely, espe- 
cially in front of the gray commissure. 

The glia cells in the white substance are" mostly of 
the spider variety, many of which have extra-long ver- 
tical branches (tin; chief processes), which run between 
the nerve-fibers, apparently serving the purpose of a 
neurilemma. 

The blood-vessels enter the cord mostly in the 
fibrous septa from thepia mater, branch repeatedly, and 
become surrounded by a layer of neuroglia tissue. 
They eventually break up into capillaries, which run 
mostly longitudinally between the nerve-fibers in the 
white substance, but form a network in the gray 
matter. 

THE CEREBELLUM. 

The cerebellum consists of a gray and a white mat- 
ter, the former being external. 

The white substance is arranged in branching sheets, 
which are covered by the three layers of gray matter, 
and, when out, presents in the cut section a tree-like ar- 
rangement, called the arbor vitse. 

The gray layers are respectively from within out- 
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ward : the granule layer, ganglionic layer, or layer 
of Purkinje's cells, and the layer of gray substance 
proper, or molecular layer. 

The white substance consists of. great numbers of 
rnedullatcd nerve-fibers devoid of a neurilemma and 
held together by neuroglia tissue, the majority of the 
glia cells being of the spider variety. 

The granule layer lies just external to the white sub- 




stance, and is composed of two kinds of nerve-fibers, 
and a supporting neuroglia tissue, and forms a rust-col- 
ored band about one-half the entire width of the gray 

Mjl.tr'll'. Wilh ..i.lni tt li<< f I..- I - ■•!•'. „* dl ill' 

cells of tin's layer resemble each other, having a rel- 
atively large nucleus and small cell-body. With spe- 
cial staining methods, such as that of Golgi, the two 
different types become apparent. 



The first type was Galled the small granule cell, 
or multipolar, and lias short, irregular, protoplasmic 

processes and a long axis-cylinder process. 

The axis-cylinder process is mniinedii Hated, and 
passes outward into the molecular layer, where it divides 
into two T-shaped branches which run parallel to the 
free surface and terminate in blunt, imbrnnchci] ends. 
The second type of cell in the granule hiycr is called the 
large granule cell. The granule cells are less numerous 
than the hist named, but are nearly twice as large. 
They me also multipolar, and send richly branching, den- 
dritic processes into the molecular layer, and from their 
opposite cuds numerous nerve processes, which ranu'ly 
through the granule layer. The nerve-fibers in the 
granule layer are quite numerous, and are of the med- 
ullated variety, being either continuations of the fibers 
of the white substance beneath or branches from the 
ganglionic cells of Pui'kinje, the next layer external. 

The middle layer of gray matter — the layer of 1'ur- 
kiitje'x rtih, or the </<nn//im,Jr lai/ir — consists of a sin- 
gle row of very large ganglion cells, situated at the 
outer boundary of the granule layer. These cells arc 
pear-shaped, the base being outward. From the base 
project two dendritic branches, which branch and re- 
branch until the most complex and extensive of arbori- 
zations is produced, reaching through the molecular 
layer. The axis-cylinder process arises from tile oppo- 
site or inner pole of the cell, quickly becomes niedul- 
lated, and passes into the granule layer, where it scad: 
off a few collateral branches before passing into t' 
white matter. 

The molecular layer is the most external of the g 
layers, and contains many multipolar ganglion cells 
the dendritic processes of Purkinje's cells and som 
nerve-fibers. 
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The ganglion cells send a few dendritic [ 
toward the surface, their axis-cylinder processes run- 
ning parallel with the surface and sending branches 
down to a point near the cells of Purkinje, where they 
branch to form a basket-shaped network which envelops 
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the cell and the beginning nerve-fiber of Purkinje. 
These cells are called the basket cells. 

The nerve-fibers are mostly the terminations of some 
of the medullated nerves from the white substance 
which have traversed the granular layer and soon lose 
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their medullary sheath and end in free branches between 
the dendritic processes of the cells of Purkinje. 

Two principal types of glia cells occur in the gray 
matter of the cerebellum. 

The first type lies between the granule layer and the 
molecular layer. These cells have small cell-bodies, and 
send but very few short processes downward, nearly 
all of their processes extending outward as nearly 
straight and but few branching fibers. 

The second type of cell is of the mossy type, and oc- 
curs throughout the gray substance. 

THE CEREBRUM* 

The cerebrum, like the cerebellum, contains a gray 
and a white substance, with the gray external. 

The gray matter may be divided into five more or 
less distinct layers which merge into one another with- 
out any clear boundary line. Named from without in- 
ward they are the molecular layer, the layer of small 
pyramidal cells, the layer of large pyramidal cells, the 
layer of irregular or polymoiphous cells, and the layer 
of spindle and pyramidal cells. 

The molecular layer contains numerous dendritic 
processes from the pyramidal cells ; in the next two 
layers interlacing medullated nerve-fibers, which run 
parallel to the surface, cells of Cajal and glia cells. 

The cells of Cajal are irregular cells occurring near 
the outer surface of the molecular layer. From their 
lateral edges a number of fine processes extend parallel 
to the surface, the upper ones sending small branches 
toward the surface. From the lower aspect of the cell 
one or more processes extend down into the deeper 
layers. The exact nature of these cells is not known, 
but it seems probable that they are of a neuroglia type. 



192 THE CENTRAL NERVOUS SYSTEM. 

The glia cells are numerous, the mossy type predomi- 
nating. 

The layer of small pyramidal cells contains 
numerous pyramidal cells which, upon section, appear 
as tall, narrow triangles, with their apices toward the 
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surface. From the apex of each cell a dendritic pro- 
cess extends into the molecular layer, giving off many 
Literal branches on the way. Other dendritic processes 
occasionally extend from the sides of the cells. From 
the center of the base the axis-cylinder process arises, 
and after acquiring a medullary sheath, usually passes 
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down to the white substance, but occasionally turns and 
enters the molecular layer. These cells are of small 
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size, measuring only about 10 to 12 microns (j-jVt of 
an inch). 
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The layer of large pyramidal cells differs from the 
preceding only in the fact that the cells are much 
larger (25 microns, or y^^ of an inch), and the axis- 
cylinder fibers always pass to the white substance (none 
of them being distributed to the molecular layer), 
giving off collateral branches on the way. 

The layer of irregular or polymorphous cells is 
characterized by the presence of polygonal cells, from 
which one or two irregular dendritic processes project 
and branch a few times. The axis-cylinder fibers acquire 
a medullary sheath, send off a few collaterals, and 
pass into the white substance, where they may branch, 
the two divisions proceeding in opposite directions at 
right angles to the descending fibers, forming a T- 
shaped fiber. 

The layer of spindle and pyramidal cells contains, 
besides scattered pyramidal cells similar to those of the 
second layer and oval ganglion cells, large numbers of 
medullated nerve-fibers in transit from the white sub- 
stance to the layer above. 

The oval cells resemble the small pyramidal cells, 
with the exception of their bases, which taper down- 
ward, giving the cell a more fusiform outline. 

The white substance consists of medullated nerve- 
fibers, devoid of neurilemma, held together by neurog- 
lia tissue similar in structure to the white substance of 
the cerebellum. 

Small projections extend down into the cerebral and 
cerebellar substance from the pia mater, conducting 
blood-vessels, which branch and, acquiring a covering 
of neuroglia tissue, become distributed as a capillary 
network throughout the organ. 
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PITUITARY BODY. 



The pituitary body, or hypophysis cerebri, may 
be classed with the ductless glands, and consists of two 
portions. 

The anterior portion is the larger, and consists of 
gland acini, surrounded by loose fibrous tissue. The 
acini are lined by cuboid epithelial cells, which in many 
instances fill the lumen. Occasionally, a clear, colloid 
substance is found in some of the acini resembling the 
colloid substance found in the thyroid. 

The posterior portion contains a complexus of fine 
branched nerve-fibers, multipolar ganglion cells, blood- 
vessels, and connective tissue. 

THE PINEAL BODY. 

The pineal body is a rudimentary special sense organ, 
the vestige of a more highly developed structure in pre- 
historic animals low in the scale of life. It still persists 
fairly well developed in some of the living reptiles. It 
seems probable that one of its functions was the percep- 
tion of heat. In structure it consists of a number of acini 
separated from one another by fibrous tissue and lined 
by columnar epithelium. Occasionally, concretions of 
a calcareous matter are found in the acini, external to 
them and in the brain membranes, called " brain sand." 

Small, discoid bodies of a starch-like nature, present- 
ing concentric striations and staining violet with iodin 
and sulphuric acid, also occur in the brain substance 
and membranes around the ventricles, and have been 
called the corpora amylacea. 
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THE SUPRARENAL BODY. 

The suprarenal body, capsule, or the adrenal, is 

covered by a thick capsule of fibrous tissue, and divid- 
ing into a cortical and a medullary portion. 

The cortical portion further divides into three layers 
— the zona gkmerulosa, the zona fasciculata, and the 
zona reticularis. 

The zona glomerulosa consists of round or ovoid 
masses of epithelial cells. In the zona fasciculata the 
cells are arranged in long, solid, cylindrical cords. The 
zona reticularis contains branching columns of cells 
which are pigmented. All of the different groups of 
cells are separated by bands of fibrous tissue. 

The medullary portion is composed of irregular 
branching cords of pigmented polyhedral cells, sur- 
rounded by vascular connective tissue, in the center of 
which many nonmedullated nerve-fibers and ganglion 
cells occur. 

The blood-vessels enter through the capsule and, 
passing down between the masses of cells, envelop them 
in a capillary network. The capillaries collect in the 
medullary veins and make their exit at the hilum. 

The nearve supply is unusually rich, consisting of large 
nonmedullated fibers, although medullated fibers and 
ganglion cells are not unusual. 

The lymphatics originate in the fibrous bands of both 
the cortex and the medulla, and communicate with 
larger vessels in the capsule. 

QUESTIONS FOR CHAPTER XVII. 

351. What are the coverings of the spinal cord? 

352. Describe the dura mater. What are the epidural spaces? 
the subdural spaces ? 

353. The subarachnoidean spaces? 
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354. What are the Pacchionian bodies? 

355. Do blood-vessels or nerves occur in the arachnoid? De- 
scribe the structures occurring. 

356. Describe the arachnoid. 

357. How many layers does the pia mater represent ? Describe 
each. * 

358. Of what is the substance of the cord composed ? 

359. Describe the gross arrangement of the gray matter. 

360. Describe the anterior horn; posterior horn; gray commis- 
sure; central canal. 

361. Describe the gross arrangement of the white matter. 

362. Describe the anterior median fissure; the posterior median 
fissure; anterior columns; lateral columns; the posterior columns. 

363. What is meant by secondary columns ? Name the princi- 
pal ones. 

364. Give the location of the direct pyramidal tract; the anterior 
ground bundle; direct cerebellar tract; crossed pyramidal tract; 
descending anterolateral; mixed lateral; column of Goll and 
column of Burdach. 

365. In which direction do the fibers run in each of the preced- 
ing tracts ? 

366. Which of the preceding secondary tracts are contained in 
the anterior columns? 

367. In the lateral columns? in the posterior columns? 

368. What structures constitute the gray substance ? 

369. Describe the nerve-cells. 

370. Name the principal groups of nerve-cells in the gray matter 
and give their location. What is the column of Clarke? 

371. What is an axon or neuraxon ? 

372. Give the general characteristics of the ganglion cells. What 
are the chromatophilic granules ? 

373. What are the characteristics of the cells in the posterior 
horns? 

374. Describe the dendritic processes. 

375. What is neuroglia tissue ? 

376. What are the glia cells? spider cells? mossy cells? 

377. What is the reticular process? substantia gelatinosa Ro- 
landi? the zona spongiosa? and the zona terminalis? 
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378. Describe the minute structure of the white substance. Give 
its blood supply. 

379. Of what does the cerebellum consist ? What is the arbor 
vitae? 

380. Name the layers of the cerebellum. 

381. Describe the white substance. 

382. Describe the granule layer. Describe the large and small 
granule cells of this layer; the nerve-fibers. 

383. Describe the layer of Purkinje's cells. 

384. Describe the molecular layer. What are the basket cells? 
Describe the nerve-fibers and glia cells of this layer. 

385. Name the gross structures of the cerebrum. 

386. How many layers of the gray substance ? Name each. 

387. Describe the molecular layer. What are the cells of 
Cajal ? 

388. Describe the layer of small pyramidal cells. 

389. Describe the layer of large pyramidal cells. 

390. Describe the layer of polymorphous cells. 

391. Describe the layer of spindle and pyramidal cells. 

392. Describe the white substance; blood supply. 

393. Name the two portions of the pituitary body. Describe 
each. 

394. What is the pineal body. Describe its structure. 

395. What is brain sand ? corpora amylacea ? 

396. Describe the gross arrangement of the suprarenal capsule. 

397. WTiat are the three layers of the cortical portion ? Describe 
each. 

398. Describe the medullary portion. 

399. Describe the blood supply, nerve supply, and lymphatics 
of this organ. 



CHAPTER XVIII. 

TECHNIC 

The preparation of histologic objects for microscopic 
examination requires a varying amount of manipulation, 
which is referred to in general as technic. A few of 
the simpler structures, such as bits of serous membrane, 
blood, or isolated epithelial cells scraped from free sur- 
faces, may be placed upon a slide with a drop of salt 
solution and examined at once. Other structures, as 
muscle, white fibrous tissue, yellow elastic tissue, or 
nerve-fibers, may be prepared for a preliminary exami- 
nation by the process known as teasing. This consists 
in gently tearing small bits of the tissue as finely as 
possible by means of " needles," so as to produce 
ragged, thin edges. An ordinary sewing needle sunk 
a quarter of an inch into the handle of a penholder 
answers perfectly for this purpose. The teasing should 
be carried on in a drop of physiologic salt solution 
(made by dissolving 6 to 9 grams of NaCl in 1000 c.c. 
of water) or of glycerin. Occasionally, previous to 
teasing, bits of tissue are subjected to the action of 
one of the "dissociating" fluids, just enough of the 
solution being used to cover the tissue. Several days 
are required tor the structural elements to soften so as 
to be readily separated from one another, and during 
this time the fluid should be protected from evaporation. 
Two of the best of the fluids which are used for this 
purpose are 33 <f alcohol (1 part alcohol to 2 parts 
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water), or chromic acid, ^ to J gram to 1000 c.c. of 
water. In order, however, to obtain more satisfactory 
preparations, thin sections of the various tissues must 
be obtained, and changes in the form and arrangement 
of the more minute elements must be guarded against. 

FIXATION. 

Substances that rapidly kill tissues and prevent 
further structure change are called fixatives. Of these 
there are a number which are more or less desirable 
according to the special tissue at hand or the end in 
view. 

Alcohol is used extensively, but more for dehy- 
drating and preserving tissue than as a fixative. Abso- 
lute alcohol will fix small pieces of tissue (0.5 cm. cube) 
almost instantly, and is satisfactory when the finer 
nuclear structure is not especially sought. In gradu- 
ally increasing strengths of 50, 60, 70, 85, 95%, and 
absolute, successively from twenty-four to forty-eight 
hours each, it gives fair results for ordinary work. 
Some shrinkage of the tissues will occur, but, on the 
other hand, good results may be subsequently obtained 
with any of the stains. For preserving specimens 70 % 
alcohol answers admirably. 

Chromic acid, in strengths varying from 0.1% to 
1 % , fixes well in two or three days, but tissues fixed 
in it are liable not to stain well, and if strong solutions 
are employed, artefacts are often produced. 

Potassium bichromate and ammonium bichro- 
mate, in 2 % or 3 % aqueous solution, penetrate well, but 
do not preserve the detail of cell structure so well as many 
other fixatives. A month or more is required to com- 
plete the hardening, when the tissues should be washed 
twenty-four hours in running water and preserved in 
70% alcohol 
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Muller's fluid consists of — 



Potassium bichromate 2.5 

Sodium sulphate 



v.& gm. 
Water 100 c.c. 



This solution will keep indefinitely, and is valuable 
for fixing large masses of tissue, especially of the cen- 
tral nervous system. It should be used in large 
amounts (at least 15 to 20 times as large a volume as 
the tissue to be fixed) and frequently changed. A 
good plan is to change the solution daily for four days, 
and then weekly for about six weeks, when the speci- 
men should be washed in running water overnight and 
kept in 70 c / alcohol (in the dark), which is replenished 
whenever it becomes discolored. Tissues fixed in Mul- 
ler's fluid will, as a rule, stain better with some one of 
the logwood stains than with the carmins. 

Formaldehyd is sold as a saturated 40 <f solution, 
and in this form is sometimes called " formol " or " for- 
malin." It is best kept in tightly stoppered bottles and 
diluted or mixed with other reagents only as wanted for 
use. It forms an excellent fixative for most all tissues 
when diluted with either water or 95 ^ alcohol to a 
strength of from 5 c / to 10^. It fixes tissues in from 
one-half to twelve hours, and permits the use of any of 
the stains subsequently. 

Orth's solution consists of — 

Mailer's fluid 90 c.c. 

Formalin 10 u 

Mullens fluid can be kept in quantity and the for- 
malin added at the time required. This solution fixes 
pieces of tissue two centimeters thick in twenty-four 
hours, giving all the advantages of both formalin and 
bichromate fixatives. After fixation the tissues should 
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be washed in running water for twelve hours and 
placed in 70^ alcohol. 

Flemming's solution is composed of — 



Osmic acid (2% solution) . . . . 4 cc. 
Chromic acid (lfo solution) . . .15 
Acetic acid (glacial) 1 



cc 



These proportions are sometimes varied slightly for 
special purposes. 

The ingredients should be kept separately and mixed 
immediately before using. The osmic acid should be 
kept in a brown, glass-stoppered bottle, and protected 
from the light. Tissues should be placed in this solu- 
tion immediately while the cells are still living, and 
small insects or newts may be dropped in directly while 
alive. After twenty-four hours the specimen should 
be washed for two hours and placed in 70^ alcohol. 
This method is the best for showing the finer nuclear 
structures and for the study of karyokinesis. 

Mercuric chlorid has been employed as a fixative 
in a number of combinations. As reliable a formula 
as any is Heidenhain's : 

Sodium chlorid 7.5 gm. 

Water 1000 c c. 

Dissolve in this, with the aid of heat, mercuric chlorid 
to the point of saturation and allow the solution to 
cool. Upon cooling fine crystals of the mercuric chlo- 
rid will be deposited. This solution will fix pieces of 
tissue one centimeter thick in from two to twelve 
hours. The specimens should then either be washed 
for twenty-four hours in running water or, better, 
placed for twelve hours in 70^ alcohol that has been 
colored dark brown by the addition of tincture of 
iodin, to eliminate crystals of mercuric chlorid which 
will be deposited in the tissue. This should be followed 



DECALCIFICATION 203 

by 70^ alcohol until the specimen is wanted for 
use. Occasionally, however, the iodin solution is not 
used until the specimens have been cut into sections, 
when a relatively short immersion suffices to remove 
any crystals of the HgCl 2 . 

DECALC3nCATION» 

Before sufficiently thin sections of bone or other cal- 
careous tissue can be cut it becomes necessary first to 
dissolve out the calcium salts. For this purpose a 
number of solutions are in vogue known as decalcifying 
solutions. As a rule, small pieces of the bone should 
be used (not more than 0.5 cm. in thickness). 

Picric acid, as a saturated aqueous solution, requires 
weeks, but is very satisfactory. A few crystals should 
be added from time to time to insure complete satura- 
tion, until all the lime-salts have been dissolved. This 
may be ascertained by passing a fine needle through 
the specimen. When it is completely decalcified, the 
needle will encounter no gritty particles. The specimen 
should then be placed in T0 c /o alcohol containing an 
excess of lithium carbonate for twenty-four hours, and 
then frequently changed to fresh alcohol until its color 
remains untinged. 

Chromic and nitric acids also give good results, and 
are a trifle more rapid in their action. Place small 
pieces of bone in — 

Chromic acid 3 gm. 

Water 1000 o.c. 

for six days, changing the solution on the third day. 
Then transfer it to fresh solution, to which has been 
added 2 °/ of nitric acid, in which mixture it remains 
until decalcified, when it is washed for forty-eight 
hours in running water and transferred to 70^ alcohoL 
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The nitric acid phloroglucin method is very rapid 
(eight to twelve hours) and one of the best : 

Phloroglucin 1 gm. 

Nitric acid 10 c.c. 

Dissolve by heating and add water . 100 " 

As soon as the lime-salts are all dissolved, transfer 
the tissues to 70 °/ alcohol, which should be renewed 
several times. Specimens decalcified by either of these 
methods stain well in " bulk," and should be cut into 
very thin sections for examination. 

SECTIONING, 

As, almost without exception, histologic specimens 
are examined by transmitted light, the portion under 
examination must be extremely thin to allow of ready 
passage of light, as well as to avoid an apparent con- 
fusion of structural detail which would result from 
the superposition of several layers of cells. Several 
methods are in use to obtain the requisite thinness, but 
in any case (excepting frozen sections) the specimen, 
after being fixed or decalcified, must be thoroughly 
dehydrated and sufficiently hardened to cut well 
without either being brittle or easily torn. Alcohol in 
gradually increasing strengths is used for this purpose, 
allowing the specimens to remain for from twelve to 
forty-eight hours in 70^, 85 %, and 95 f , and absolute 
alcohol. Specimens are occasionally sectioned by hand, 
with a sharp razor, after removal from the absolute 
alcohol. If the specimen is small and not easily held 
by the fingers, it may be clamped between two pieces 
of pith or in a slit in a piece of alcohol-hardened liver 
or, still better, placed upon a small block or in a little 
pill-box, into which melted paraffin is poured and 
allowed to cool. The mixture of paraffin 2 or 3 parts, 
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tallow 1 part, as recommended by Piersol> will be found 
superior to the pure paraffin. In either case the speci- 
men should be held in the left hand, which rests either 
upon a table or against the chest, and the razor, wet 
with alcohol, is held in the right hand, with the edge 
toward the body, and made to pass over the specimen 
from point to heel. The endeavor should be to obtain 
sections as thin as possible rather than of great size. 
As soon as the sections are made, if they are embedded 
in paraffin, they should be placed in a small dish con- 
taining turpentine or xylol, which will dissolve the 
paraffin, and then, if they require further staining, into 
absolute, followed by weaker, alcohol. If the block of 
tissue has not been embedded in the paraffin, the sec- 
tions may be placed directly in a dish of 85 c /o alcohol 
or in water. 

The method of cutting sections free-hand requires 
considerable practice, and is even then of value in but 
few instances. The best results can be obtained only 
by one of the many forms of microtomes, or mechan- 
ical knives, which are manufactured. These will cor- 
respond to one of two types : 

1. Those in which, while cutting, the object is sta- 
tionary and the knife moves. 

2. Those in which, during the cutting, the knife is 
stationary, while the object is moved against it. 

As a general rule, instruments of the first class are 
better adapted to cutting frozen and celloidin embedded 
specimens, and those of the second class do better with 
paraffin specimens. However, several of the best in- 
struments of either class may be made to do excellent 
work with any of the embedding methods. 

When thin sections of delicate tissue are to be made, 
the tissue must first be thoroughly infiltrated with some 
substance that will offer no material resistance to the 
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cutting and which at the same time will fill all spaces 
between the cells, and hold them in their normal rela- 
tive positions (interstitial embedding). There are three 
principal ways of accomplishing this, known respectively 
as the celloidin, paraffin, and freezing. 

CELLOIDIN EMBEDDING* 

The specimen after having been fixed and thoroughly 
dehydrated and hardened, is placed for from twenty- 
four to forty-eight hours in equal parts of absolute 
alcohol and ether ; then for twenty-four hours in " thin 
celloidin," made by dissolving : 

Celloidin (or good gun-cotton) . . 3 gm. 
Ether and absolute alcohol . . aa 100 c.c. 

Transfer specimen for twenty-four hours or, if it be 
large or dense, forty-eight hours to " thick celloidin " : 

Celloidin (or good gun-cotton) . . 6 gm. 
Absolute alcohol and ether . . aa 100 c.c. 

From the thick celloidin it should be placed with its 
best surface uppermost upon a small block of wood or 
ground glass around the edges of which several turns 
of paper have been wrapped, making a sort of box with 
paper sides, the specimen resting upon the wooden or 
glass bottom. 

Thick celloidin is now poured in until the specimen 
is covered, and the whole thing is set aside until the 
celloidin " sets/' or becomes thickened sufficientlv to 
prevent the specimen changing its position. The length 
of time which this will take will depend upon the size 
of the specimen, the depth of the celloidin, the tem- 
perature of the room, etc., so that no definite time can 
be given. The block should, however, be watched ; for 
if allowed to dry too much in the open air, the celloidin 
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will become hard and shrink, distorting the specimen. 
As soon as it is sufficiently set, it should be immersed in 
85 <fo alcohol or chloroform, where it will slowly (twenty- 
four hours) harden until it becomes clear and transparent 
and almost the consistence of soft cartilage. The speci- 
men may be kept in the alcohol or chloroform at this stage 
for days, if it is not convenient to proceed with the 
further operation of preparing the sections. AVhen the 
sections are to be cut, the block is taken from the alcohol 
or chloroform, and the paper carefully removed ; any ex- 
cess of celloidin is carefully trimmed off with a knife, 
leaving only a thiu margin around the top edges of the 
specimen, but not removing too much from around the 
base, lest it separate from the block during the sub- 
sequent operations. The block is then clamped in 
the microtome in such a manner that the long diameter 
of the specimen is parallel to the direction of motion 
of the knife, and the upper surface just escapes the 
knife edge as it passes over. The knife is then set ob- 
liquely to the specimen, so that as much of the edge as 
possible will pass through the sj>ecimen in cutting a sec- 
tion. The specimen is raised slightly by means of the 
micrometer screw beneath ; the knife is thus flooded with 
85 fc alcohol and drawn quickly and smoothly across the 
specimen. This is repeated several times until an even 
surface is obtained and the sections removed pass 
through sufficient of the specimen, when the specimen 
is raised a known and uniform distance at each cut, and 
the sections are transferred to clean 85 fo alcohol as fast 
as they are produced. As many sections as will be de- 
sired should be cut, as they may be kept indefinitely in 
85^ alcohol until wanted ; whereas, in the block they 
are liable to soften if left in the alcohol, and if allowed 
to dry will spoil entirely. Sections prepared in this 
way can not be cut so thin as when paraffin is used, a 
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fairly satisfactory average being from 15 // to 20 fi in 
thickness. 

PARAFFIN EMBEDDING. 

Pieces of tissue which have been fixed and dehydrated 
are passed from absolute alcohol into chloroform, xylol, 
turpentine, or equal parts of alcohol and cedar oil, and 
allowed to remain there until they become translucent. 
The length of time necessary will vary from one to 
twelve hours, according to the density and size of the 
tissue. 

If chloroform is chosen, the tissue is next placed for 
twelve hours in a saturated solution of paraffin in 
chloroform. If cedar and alcohol have been used for 
the previous step, the tissue is put into pure cedar oil 
for twelve hours. If xylol or turpentine has been 
chosen, or in the previous two cases, after the immer- 
sion in the solution of paraffin and chloroform or pure 
cedar oil, the tissues are placed in melted paraffin 
whose melting-point is 50° C, and kept at a tempera- 
ture of from 51° to 52° C, in an oven, for from two 
to eight hours, according to the size and density of the 
specimen. By this time the molten paraffin will have 
penetrated every portion of the tissue. The specimen 
is now removed with a pair of forceps (which have 
been slightly warmed to prevent the paraffin from 
hardening about them) and placed upon a plate of 
glass or metal, quickly surrounded by two L-shaped 
pieces of metal arranged so as to form a square, and 
the square so formed filled with molten paraffin. The 
paraffin is allowed to cool for a moment until a thin 
skin forms over the top, when the whole thing is plunged 
into cold water in order to solidify the mass as quickly 
as possible. When thoroughly cold, the block of 
paraffin containing the tissue at the lower end is sepa- 



rated from its metal casing and carefully dried. Then 
die block is cut away from the sides of the specimen, 
leaving a margin of only about 1 min. of paraffin 
around each side, but being careful that the opposite 
outer edges of the margin are parallel. The block is 
now damped in the microtome with the longest diameter 
of the specimen transversely to the path of the knife. 
The knife must be so placed that its edge is at right 
angles to its path and that it will pass squarely through 
the specimen, and not obliquely, as is the ease in cutting 
eelloidin. The sections are cut with the knife dry, and 
may be removed one at a time as they are cut or allowed 
to adhere, the front edge of one to the hind edge of the 
preceding, as they are cut, so as to form a " ribbon." 

Only as many sections should he cut as will be needed 
at once, as the embedded block will keep indefinitely 
and can always be cut from at any subsequent time. 
If the tissue is tough and the sections are not too thin, 
they may be placed at once in xylol or turpentine, to 
dissolve out the paraffin, and thenee in absolute alco- 
hol if they are to be stained ; or if already stained in 
bulk, they may be mounted in Canada balsam. If the 
sections arc fragile, they must be mounted on glass 
slides. The slides having been thoroughly cleaned, a 
very thin layer of Mayer's albumin is spread upon one 
side, either with a camel's- 1 iair brush or with the fingers, 
and allowed to dry. The Mayer's albumin is made by 
mixing — 

White of egg 50 a o. 

Glycerin 50 " 

Sodium salicylate . 1 gm. 

shaking very thoroughly with ft few pieces of broken 
glass (to hasten the solution of the egg), and filtering 
through coarse filter-paper. This filtration may require 
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weeks, but the resulting solution, if tightly stoppered, 
will keep good for a year or more. As soon as the 
sections are cut, they are picked up with a needle or 
brush or fine forceps and carefully floated upon warm 
water (40° C), when they will at once flatten out and 
become perfectly smooth. The edge of one of the 
albuminized slides is carefully dipped into the water 
and the section carefully floated up into place by means 
of a needle. The slide is removed, the excess of water 
drained off, and the slide placed on top of the oven or 
in an incubator (37° C.) for several hours, or the slide 
and sections may be allowed to dry and may then be im- 
mersed in equal parts of alcohol and ether for an hour, 
which will coagulate the albumin and fix the section fast 
to the slide. The slide is now immersed in xylol, tur- 
pentine, or benzol for a few minutes to dissolve off the 
paraffin. After this it is placed in absolute alcohol, 
after which it may be stained in whatever way desired. 



FREEZING* 

This is a very rapid method of preparing sections. 
The tissues may either have been fixed or may be per- 
fectly fresh. If fresh, they had best be fixed for an hour 
or so in 10 ^ of formalin in water. If they have already 
been fixed, they should be placed for an hour or more 
in water, in order to extract the alcohol, which would 
greatly retard the freezing. They are next placed in a 
thin solution of cane-sugar and gum arabic (2 gm. to 
100 c.c.) in water, to which a small piece of camphor 
or thymol has been added to prevent the growth of 
mold, and allowed to remain for three or four hours. 
The pieces of tissue are then removed, placed upon the 
drum of the freezing microtome, a small quantity of 
gum solution added, and the ether spray or liquefied 



carbon dioxide turned on gradually until the whole 
mass begins to congeal. As soon as it becomes solid 
and of a dull luster, and before it turns hard and white, 
the sections should he rapidly cut, with the knife-edge 
at right angles to the direction of movement. If the 
specimen chance to have been frozen too hard, it should 
be allowed to soften slightly for a moment before cutting 
the .section, as if this is not done the sections may be 
imperfect and the knife-edge damaged. As sonn as the 
sections are cut they sb nihl I >e placed in water, in order 
to expand as well as to dissolve out the gum. They 
may subsequently be stained by any one of the various 
methods. 

STAINING. 

Thin sections of tissue being very transparent and 
often highly and evenly refractive to light, it becomes 
advantageous to stain them, so as to produce a stronger 
and more easily studied image. Again, as different 
elements of tissue and cells are of vary lug chemie 
composition, they are found to he differently affected by 
various stains, so that by a suitable selection of stains 
contrast effects may be produced which aid very ma- 
terially in distinguishing and studying closely associ- 
ated details. The number of methods of staining 
tissues which have been suggested and used is enor- 
mous. At present only one or two of the simpler but 
most generally useful can be given. 

Borax carmin is one of the most reliable and most 
easily handled of the stains. Grenadier's formula is 
as follows : 

Cnmiin (No. 40) 1.25 uro. 

Water 60 " 

Alcohol (70f6) 50 " 
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The borax, carniin, and hot water are rubbed thor- 
oughly in a mortar and allowed to cool. The alcohol 
is then added, and the whole allowed to stand for two 
or three weeks, and then filtered. This preparation is 
the stain best adapted to balk staining, for which pur- 
pose the previously fixed and hardened pieces of tissue 
are immersed for three days. From this they are 
transferred directly into — 

Hydrochloric acid (10%) .... 4 c.c. 
Alcohol (70%) 100 " 

where they should remain for forty-eight hours. When 
removed, the specimens should be of a bright, deep-red 
color. They are next placed in 85^, 95%, and abso- 
lute alcohol for twenty-four hours each, after which 
they are ready for the solution immediately preceding 
the infiltration and embedding. 

If sections are to be stained, they should be placed in 
the fluid for half an hour, then in — 

Hydrochloric acid (pure) .... 5 c.c. 
Alcohol (70%) 100 " 

for from five to ten minutes, from which they should 
go into absolute alcohol and then into the clearing 
mixture. The borax carmin stains all parts of the 
tissue almost equally of a dull-red color, which would 
readily wash out. When, however, it is treated with 
the dilute HC1, the excess of stain is dissolved out, the 
nuclei remain more deeply stained than the rest of the 
tissue, and the stain is fixed permanently. A pleasing 
contrast staining results if a few crystals of picric acid 
are dissolved in the alcohol and used after the stain as 
well as in the final clearing medium. In this case the 
nuclei will remain a deep-red, whereas the cell-bodies 
and intercellular substances will assume a bright canary 
yellow. 



Hematoxylin is of equal value and as extensivcl 
used. DelafieWs formula, while being a trifle mor 
complex than some others, is still the most satisfactory : 

Hematoxylin 4 gm. 

Alcohol (absolute) - 25c.c. 

Dissolve iliul ililil 

Ammonia alum 52 gin. 

Water 400 c.c. 

Allow the mixture In stand in (he light for a 
and then add 

Glycerin 100 O.O. 

Methyl alcohol 100 " 

The whole mixture should be kept in the sunlight a 
much as possible for two weeks longer, when it is r 
for use; it will usually keep well for a year, If it 
becomes too strong and stains too rapidly, small quan- 
tities may he diluted to any requisite amount with dis- 
tilled water. 

For bulk staining the stain is diluted until it is quite 
transparent, and pieces of fixed tissue are immt. 1 
it until they become dark blue. As the stain varies 
very much in power from time to time, no definite 
length of time can be given. Ordinarily, however, the 
stain should be diluted until of such strength as will 
stain blocks well in twenty-four hours. Care should 
be taken to avoid ovcrstiiiuing, but a trial or two will 
suffice to determine the dilution necessary. From the 
hematoxylin .solution the tissues should be placed in an 
abundance of water, where they should remain with 
occasional agitation for forty-eight -hours. From tins 
they are transferred to increasing strengths of alcohol 
until ahsolute, embedded, and cut. 

BedBofW are placed in the solution for from three t 
fifteen minutes, according to the strength of the stain ; 
washed well in water from three to five minutes, thei 
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in 95 <f alcohol, then absolute alcohol, and next in the 
clearing medium. 

Acid hematoxylin is likewise an excellent stain and 
keeps well. Kulschitsky's formula is as follows : 

Hematoxylin (crystals) 1 gm. 

Alcohol (absolute) 20 c.c. 

Dissolve and add 

Acetic acid (2%) 100 c.c. 

Sections should be stained in this fluid for from five 
to fifteen minutes, washed in water, and placed in a satu- 
rated solution of lithium carbonate until they assume a 
fine deep blue color, when they may be dehydrated, 
cleared, and mounted. 

Logwood and eosin staining, when combined, make 
one of the most pleasing combinations of stains. By 
this method nuclei are stained deep blue, while the 
cell-bodies and intercellular substances become a fine 
pink to red, according to the depth of the eosin stain- 
ing. At the same time red blood-corpuscles assume a 
characteristic coppery-red tinge, which makes them very 
easily recognized. After the specimen has been stained 
in the hematoxylin (by either of the above methods) and 
washed in water, it is placed for two minutes in — 

Eosin (yellowish) 0.5 gm. 

Alcohol (70%) 100 c.c. 

after which it is dehydrated, cleared, and mounted. 

DEHYDRATION OF SECTIONS* 

All sections which are to be finally mounted in 
Canada balsam must, after staining, be dehydrated. If 
this is not thoroughly accomplished, any trace of 
moisture remaining will precipitate the balsam, pro- 
ducing a cloudy mount. If some one of the clearing 
agents is used, such as clove oil or creasote, 95 ^ alco- 




MOUNTING, 

hoi may he used to dehydrate tiie specimen, otherwise 
absolute alcohol must be used. 

CLEARING, 

After the specimens have been stained and dehydrated 
they are subjected to the action of a clearing agent, the 
purpose of which is to remove the alcohol used in de- 
hydrating, to render the specimen transparent, to act as 
a preservative, and to afford a substance which will be 
readily miscible with the Canada balsam. 

Of these clearing agents there are many : Xylol, 
turpentine, creasote, clove oil, cedar oil, oil of bergamot, 
and, in fact, nearly all the essential oils may be used. 

Of these, creasote (which must be the best (icrman 
beech wood variety) is most satisfactory for celloidin 
sections, as the celloidin is not attacked by it as it 
would be by clove oil. Creasote also clears well from 
95jg alcohol. 

Xylol, either pure or with the addition of half its 
weight of crystallized carbolic acid, makes an excellent 
cleaving agent fin' paraffin sections, but requires very 
thorough dehydration. 

Oil of cloves is reliable and has the quality of dis- 
solving celloidin, which may be either desirable or not 
according to the case in hand. 

MOUNTING. 
If the sections are unattached to the slide, they 
should be lifted from the clearing agent by means of a 
section-lifter, which is gently slid under the section and 
lifted out of the fluid, the section meanwhile being held 
in place by means of a needle. The section is then 
gently slid off the lifter on to the center of a clean glass 
slide and the excess of clearing agent carefully removed 
by means of a clean piece of filler-paper. A drop of 
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Canada balsam is placed on the center of the section 
and covered by a cover-glass, care being taken that just 
enough balsam is used to fill all the space between the 
cover-glass and slide, and at the same time to avoid air- 
bubbles. The paper-filtered balsam, which comes in 
collapsible tubes, or xylol balsam will be found to be the 
best agents for mounting specimens. The slide should 
be labeled at once, and may be examined or put away 
in a horizontal position for a few days, by which time 
the balsam will be quite well set so as to retain the cover- 
glass in position. 



Tabulab Scheme of Pbepabatton of Tissue to be Stained 

in Bulk. 

1. Fix in one of the fixing solutions. 

2. Wash in water, according to fixative tised. 



Borax Carmin. 
3. Borax carmin . . 3 days. 



a 



4. Acid alcohol ... 2 

5. Alcohol (85%) . .24, hours. 

6. Alcohol (95%) . . 48 

7. Alcohol (absolute) 48 



tt 
tt 



If Embedded in Paraffin. 

a 1. Xylol, turpentine, or chlo- 
roform until translucent 
— one to twelve hours. 
If chloroform is used, 
next to saturated solu- 
tion of paraffin in chloro- 
form twelve hours. 

a 2. Melted paraffin, two to 
eight hours. 

a 3. Cast block. 

a 4. Cut sections. 

a 5. Fix to slide with Mayer's 
albumin. 

a 6. Dissolve off paraffin, and 
clear with xylol. 

a 7. Mount with drop of Canada 
balsam. 



3. 



Hematoxylin. 
Delafield's hema- 



24 hours. 

48 

24 

24 

24 



it 
n 
it 
tt 



n 
tt 



toxylin . . 

4. Water .... 

5. Alcohol (70%) 

6. Alcohol (85%) 

7. Alcohol (95%) 

8. Alcohol (absolute) 24 

If Embedded in Celloidin. 

a\. Alcohol and 

ether . . 24 to 48 hours. 

a 2. Thin celloidin . 24 

a 3. Thick celloidin 48 

a 4. Block, and allow to set. 

a 5. Chloroform or 

85% alcohol . 24 hours. 

a 6. Cut section. 

a 7. Place sections in absolute 
alcohol two minutes. 

a 8. Creasote, or other fixa- 
tive, three minutes. 

ad. Place on slide with sec- 
tion-lifter and remove 
excess of solution, 
a 10. Drop of Canada balsam 
and cover-glass. 
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Scheme of Pbepabation of Tissues by Pabaffin Method, 

to be Stained in Sections. 

1. Fix and wash if fixative requires it. 

2. Dehydrate. 

3. Xylol, turpentine, chloroform, or alcohol and cedar oil until 

translucent, one to twelve hours. 

4. If chloroform has been chosen, into saturated solution of 

paraffin in chloroform. If alcohol and cedar oil, into pure 
cedar oil, for twelve hours in either case. 

5. Into melted (50° C.) paraffin at 51° C. to 52° C. for from two 

to eight hours. 

6. Cast, block, and trim it. 

7. Cut sections and float out on warm (40° C. ) water. 

8. Fix sections to slide with Mayer's albumin and dry thoroughly 

for several hours on top of oven or in incubator at 37° C. 
Slides may be stored away and kept indefinitely at this stage. 
When wanted for use, proceed with : 

9. Place slides in xylol, turpentine, or benzol, to dissolve off 

paraffin completely. 
10. Place slides in absolute alcohol for five minutes, from which 
they can enter alcoholic stains. When aqueous stains are to 
be used, they are best placed for a minute in 85% alcohol 
first. 



Scheme of Pbepabation of Tissues bi* Celloidin Method, 

to be Stained in Sections. 

1. Fix and wash if fixative requires it. 

2. Dehydrate. 

3. Alcohol and ether, twenty-four to forty-eight hours. 

4. Thin celloidin, twenty-four hours. 

5. Thick celloidin, forty-eight hours. 

6. Block and allow to set. 

7. Place blocks in chloroform or 85 % alcohol for twenty-four hours. 

8. Cut sections with knife wet with 85% alcohol. 

9. Sections may be kept indefinitely in 85% alcohol until ready to 

be stained. 



Scheme fob Staining Sections with Bobax Cabmin. 

If celloidin sections are used, they may be transferred 
directly from one solution to the other with needles. 
If the paraffin sections are fixed to the side, either a 
few drops of the various solutions may be placed upon 
the section in the center of the slide or the whole slide 
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may be immersed in a small jar of the solution, taking 
care to wipe off all excess of solution each time a change 
is made, in order to avoid contaminating the succeeding 
solutions. 

1. Sections in borax carmin, half -hour. 

2. Five per cent. HC1 in 70% alcohol, from five to fifteen minutes, 

or until they become bright and light red. 

3. Pure alcohol, which may contain a few crystals of picric acid, 

three minutes. 

4. Xylol, creasote, or oil of cloves, which may also contain a little 

picric acid, three minutes. 

5. Canada balsam and cover-glass. 

Scheme for Staining Sections with Delafield's 
Hematoxylin and Eosin. 

1. Section into Delafield's hematoxylin, from three to fifteen 

minutes. 

2. Water, from three to five minutes. 

3. One-half of 1% solution of eosin in 70% alcohol, two minutes. 

4. Absolute alcohol, three minutes. 

5. Creasote, xylol, or clove oil, three minutes. 

6. Mount in Canada balsam and cover-glass. 

Scheme fob Staining Sections in Acid Hematoxylin. 

1. Section in Kulschitsky's hematoxylin, from five to fifteen 

minutes. 

2. Rinse in water one minute. 

3. Saturated aqueous solution of lithium carbonate until it becomes 

clear deep blue. 

4. Absolute alcohol, three minutes. 

5. Creasote, xylol, or clove oil, three minutes. 

6. Mount in Canada balsam and cover-glass. 
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Absorptive epithelium, 46 

Acid cells, 85 
hematoxylin as stain, 214 
staining in sections with, 
scheme for, 218 

Acidophiles, 31 

Acini of salivary glands, 93 

Adenoid tissue, 20 
diffuse, 68 

Adipose tissue, 19, 20 

Adrenal, 196 

Agminated follicles, 87 

Alcohol as fixative, 200 

Alveolar ducts, 136, 137 
glands, 76 

Alveoli, 93 
of salivary glands, 93 

Ameboid movement, 62 

Ammonium bichromate as fixa- 
tive, 200 

Amyloid bodies, 118 

Appendix vermiformis, 89 

Aqueous humor, 150, 164 

Arachnoid, 180 

Arbor vitse, 187 

Areolar tissue, 17 

Arteriae rectee, 106, 107 

Arterial arcade, 106 

Arteries, 55 

Arterioles, 106 

Artery, helicene, 120 
hepatic, 91 
interlobular, 91, 106 

Auditory canal, 168 

Auerbach, plexus of, 90 

Auricle, 168 
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Axis-cylinder, 48 
process, 47, 185 
Axon, 185 



Bartholin's glands, 131 
Basement membrane, 45, 75 
Basilar membrane, 173 
Basket cells, 190 
Basophiles, 31, 63 
Bellinian tubule, 102, 105 
Bertinian columns, 100 
Bile capillaries, 92 
Bladder, 108 
Blood, 58 

cells of, 61 

crystals, 64 

plaques, 63 

platelets, 63 

supply, 106 

of intestines, 89 
of stomach, 89 
of tongue, 80 
Blood-corpuscles, development 

of, 64 
Blood-vessel, 56 
Bodies of Langerhans, 97 
Body of epididymis, 113 

of Highmore, 112 
Bone, 26 

cancellated, 29 

compact, 26 

development of, 31 
intracartilaginous, 31 
intramembranous, 34 

Haversian systems of, 3/ 
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Bone, spongy, 29 

transverse section of, 27 
Bone-cells, 29 
Bone-corpuscles, 29 
Borax carmin as stain, 211 

staining in sections with, 
scheme for, 217 
Bowman's capsule, 104 

glands, 179 

membrane, 151 
Bronchi, larger, 135 

terminal, 136 
Bronchial terminations, diagram 

of, 137 
Brunner's glands, 88 
Budding, 13 

Bundle, anterior ground, 183 
Burdach's column, 184 



Cajal's cells, 191 
Calcification, primary, 33 
Calyces, 101 
Canaliculi, 28 
Capillaries, 57 

bile, 92 

interlobular, 91 
Capsule, 22, 196 

of Bowman, 104 

of Glisson, 91 
Cardiac muscle, 40 
Carmin, borax, as stain, 211 
staining in sections with, 
scheme for, 217 
Cartilage, 21 

cellular, 24 

epiphyseal, 34 

hyaline, 21 

reticular, 23, 24 

white fibrinous, 24 

yellow elastic, 23, 24 
Cartilage-cells, 22 
Cell-body, 10 

division of, 14 
Cell-division by budding, 13 

direct, 13 

indirect, 13 

karyokinesis, 13 



Cell-division, karyomitosis, 13 

mitosis, 13 

modes of, 13 

resting stage, 13 
Celloidin embedding, 206 

method of staining in sections, 
scheme of preparation of 
tissues for, 217 

thick, 206 

thin, 206 
Cells, 9 

acid, 85 

basket, 190 

bone-, 29 

cartilage-, 22 

chief, 85 

columnar, 44 

cortical, 79 

daughter, 115 

development of , 15 

diagram of, 10 

fat-, 19 

ganglion, 51 

giant, 31 

glia, 186 

gustatory, 79 

hair, of ear, 174 

hepatic, 91 

lymphoid, 68 

marrow, 30 

mast-, 63 

mastoid, 169 

"migratory," 62 

mother, 115 

nerve-, 47 

neuroglia, 50 

of blood, 61 

of Cajal, 191 

of Claudius, 173 

of Deiters, 174 

of Hensen, 174 

of neuroglia tissue, 186 

olfactory, 178 

origin of, 12 

osteogenetic, 26 

parental, 114 

parietal, 85 

peptic, 85 
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Cells, plasma, 31 

prickle, 141 

properties of, 11 

specialization of, 15 

spermatogenic, 115 

squamous, 43 

sustentacula^, 115, 177 

tactile, 51 
compound, 51 

tegment, 79 

tendon, 19 

time required for changes in, 
15 
Cell-spaces, 28 
Cell-wall, 11 
Cellular cartilage, 24 
Omentum, 80, 82 
Centers of ossification, 32 
Central canal, 182 

nervous system, 180 

vein, 91 
Centrosome, 11 
Cerebellar tract, direct, 184 
Cerebellum, 187 

cortex, scheme of, 190 

section of, 188 
Cerebral cortex, scheme of, 193 
Cerebrum, 191 
Ceruminous glands, 168 
Chief cells, 85 
Chlorid of mercury as fixative, 

202 
Choriocapillaris, 158 
Choroid, 149, 158 

coat, 158 

layers of, 158 
Chromatic granules of Nisei, 186 
Chromic acid as decalcifying 
solution, 203 
as fixative, 200 
Chromophilic granules, 47 
Cilia, 45 
Ciliary body, 160 

ring, 160 
Ciliated epithelium, 46 
Circumferential lymph-sinus, 70 
Circumvallate papillae, 79 
Clarke's column, 185 



Claudius, cells of, 173 
Clearing agents, 215 
creasote, 215 
oil of cloves, 215 
xylol, 215 
of specimens, 215 
Clefts of Lantermann, 50 
Clitoris, 131 
Close skein, 13 
Cochlea, 171 
longitudinal section of, 169 
membranous, 172 
Colored corpuscles, 58 
action of reagents, 59 
in other animals, 59 
table showing size of, in 
various animals, 60 
Colorless corpuscles, 60 
Colostrum corpuscles, 133 
Columnar cells, 44 
Columns of Bertini, 100 
Conductive epithelium, 46 
Coni vasculosi, 113, 117 
Conjunctiva, 149, 165 
Connective tissue, 17 
Cornea, 150 
Corneal spaces, 151 
Corona radiata, 126 
Corpora amylacea, 195 

cavernosa, 119 
Corpus luteum, 126 
false, 127 
true, 127 
spongiosum, 119 
Corpuscles, 58 
blood-, development of, 64 
bone-, 29 
colored, 58. See also Colored 

Corpuscles. 
colorless, 60 
colostrum, 133 
crenated, 59 
dust, 63 
genital, 52 

of Krause, 131 
of Hassall, 73 
of Meissner, 51 
of Vater, 52, 122 
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Corpuscles, Pacinian, 52 

red, 58. See also Colored Cor- 
puscles. 

shadow, 63 

tactile, of skin, 51 

third, 63 

white blood-, 60 
Corti, organ of, 173 
Cortical cells, 79 
Corneoscleral junction, 159 
Cowper's glands, 122 
Creasote as clearing agent, 215 
Crenated corpuscles, 59 
Crown of teeth, 80 
Crypts, 63 

of LieberkUhn, 86 
Crystals, blood, 64 

Teichmann's, 64 
Cumulus ovigerus, 126 
Cutaneous system, 141 
Cytoplasm, 10, 43 



Daughteb cells, 115 

Debove's endothelium, 86 

Decalcification, 203 

Decalcifying solutions, 203 
chromic acid, 203 
nitric acid, 203 

phloroglucin, 204 
picric acid, 203 

Dehydration of sections, 204, 214 

Deiters, cells of, 174 

Delafield's formula for hema- 
toxylin stain, 213 
hematoxylin and eosin, 
scheme for staining in sec- 
tions with, 218 

"Delle," 59 

Demilunes of Heidenhain, 95 

Dendrites, 47, 185 

Dental bulbs, 83 
ridge, 82 

Dentin, 35, 80 

Dentinal fibers, 82 
sheath, 81 
tubules, 81 

Descemet's endothelium, 152 



Descemet's membrane, 152 
Diaster, 13 
Digestive tract, 78 
Discus proligerus, 126 
Ductus cochlearis, 172 
Duodenal glands, 88 
Duodenum, 88 
Dura mater, 180 
Dust corpuscles, 63 



Ear, 168 

external, 168 

internal, 170 

middle, 168 

stones, 171 

vestibule of, 170 
Ectoderm, 15 
Ejaculatory duct, 113, 117 
Eleidin, 141 
Embedding, 205 

celloidin, 206 

interstitial, 206 

parafl&n, 208 
Enamel, 80, 81 

cuticle, 82 

organ, 83 

prisms, 81 
End-bulbs of Krause, 52 
Endocardium, 57 
Endomysium, 38 
Endoneurium, 50 
End-organs, 51 
Endothelium, Descemet's, 152 

of Debove, 86 
Entoderm, 15 
Eosinophiles, 31, 63 
Eosinophilic granules, 31 
Epiblast, 15 

tissues originating from, 16 
Epidermis, 141 
Epididymis, 117 
Epidural spaces, 180 
Epimysium, 38 
Epineurium, 50 
Epiphyseal cartilage, 34 
Epithelium, 43 

absorptive, 46 
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Epithelium, ciliated, 46 

conductive, 46 

germinal, 124 

pavement, 45 

propulsive, 46 

protective, 45 

secretory, 46 

stratified, 45 

transitional, 45 
Epoophoron, 127 
Erythroblasts, 30 
Erythrocytes, 58. See also Col- 
ored Corpuscles. 
Esophagus, 83 

fibrous coat of, 84 

mucous coat of, 83 

muscular coat of, 83 

submucous coat of, 83 
Eustachian tube, 169 
Excretory duct, 143 
Exoplasm, 11 
Eye, 149 

anterior chamber of, 149 

diagram of, 150 

lymphatic spaces of, 152 

nerves of, 152 

posterior chamber of, 149 
Eyelids, 165 



Fallopian tubes, 127 
False corpus luteum, 127 
Fangs of teeth, 80 
Fasciculi, 38, 50 
. Fasciculus cuneatus, 184 

gracilis, 184 
Fat-cells, 19 
Female generative organs; 124 

urethra, 110 
Fenestrated membraneof Henle, 

55 
Ferrein's pyramids, 100 
Fiber, dentinal, 82 

gray, 50 

medullated, 48 

nonmedullated, 50 

pale, 50 

perforating, of Sharpey, 29 



Fiber, radiating, of Muller, 153 

Remak's, 50 
Fibrae arcuatse, 151 

terminales, 180 
Fibrocartilage, white, 22 
Filiform papillae, 78 
Fissures, median, anterior, 183 

posterior, 183 
Fixation, 200 
Fixatives, 200 

alcohol, 200 

ammonium bichromate, 200 

chromic acid, 200 

Flemming's solution, 202 

formaldehyd, 201 

mercuric chlorid, 202 

Miiller's fluid, 201 

Orth's solution, 201 

potassium bichromate, 200 
Flemming's solution, 202 
Formaldehyd as fixative, 201 
Fovea centralis, 149, 157 
Freezing, 210 
Fundamental column, anterior, 

183 
Fungiform papillae, 78 



Gall-bladdeb, 92 
Ganglia, 50 
Ganglion cells, 51 

spiralae, 174 
Generative organs, female, 124 

male, 112 
Genital corpuscles, 52 
of Krause, 131 

end-bulbs, 131 
Germinal epithelium, 124 

spot, 126 

vesicle, 126 
Giant cells, 31 
Glands, 75 

alveolar, 76 

Brunner's, 88 

Cowper's, 122 

duodenal, 88 

mammary, 132 

of Bartholin, 131 



224 



INDEX. 



Glands of Littre, 110 

of Tyson, 118 

parotid, 93, 96 

pyloric, 86 

racemose, 76 

saccular, compound, 76 
simple, 76 

salivary, 93. See also Salivary 
Glands. 

sebaceous, 143 

sublingual, 93, 97 

submaxillary, 93, 97 

sudoriferous, 143 

sweat-, 143 

thyroid, 139 

tubular, coiled, 76 
compound, 76 
simple, 75 

types of, 75 
Glandulse odoriferse, 118 
Glia cells, 186 
Glisson, capsule of, 91 
Globus major, 113 

minor, 113 
Glomeruli, 102, 105 

cochleae, 175 
GolFs column, 184 
Graafian follicles, 124 
Granules, chromatic, of Nisei, 
186 

chromophilic, 47 

eosinophilic, 31 

neutrophile, 30 

zymogen, 96 
Gray commissure, 182 
anterior, 182 
posterior, 182 

matter of spinal cord, 182 

substance, 184 
Grenacher's formula for borax 

carmin stain, 211 
Ground bundle, anterior, 183 

substance, 21, 22 
Gustatory cells, 79 



Haib, 144-147 
cells of ear, 174 



Hair follicle, 146 
coats of, 146, 147 
root of, 145 
shaft of, 145 
layers of, 145, 146 
Hardening of specimen, 204 
Hassall's corpuscles, 73 
Haversian canals, 27 
lamellae, 27 
system, 27 
of adult bone, 33 
Heart, 57 
muscle, 40 
valves of, 57 
Heidenhain, demilunes of, 95 
Helicene arteries, 120 
Hematin, 64 
Hematoblasts, 30 
Hematoidin, 64 

Hematoxylin, acid, as stain, 214 
staining in sections with, 
scheme for, 218 
and eosin, Delafield's, scheme 
for staining in sections with, 
218 
as stain, 213 
Hemin, 64 
Hemoglobin, 59, 64 
Henle's fenestrated membrane, 
55 
layer, 147 
loop, 102 
ascending limb of, 102, 105 
descending limb of, 102, 
105 
Hensen, cells of, 174 
median line of, 36 
Hepatic artery, 91 
cells, 91 
veins, 92 
Highmore, body of, 112 
Hilum of kidney, 101 
Histology, definition of, 9 
Humors, aqueous, 164 

vitreous, 165 
Huxley's layer, 147 
Hyaline cartilage, 21 
Hyaloid membrane, 165 
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Hyaloplasm, 10 
Hypoblast, 15 
tissue originating from, 16 

INFUNDIBUL.E, 101, 136 

Interglobular spaces, 81 
Interlobular arteries, 91, 106 

capillaries, 91 

vein, 91, 106 
Interstitial embedding, 206 
Intestine, 86 

blood supply of, 89 

large, 88 

lymphatics of, 91 

muscular coat of, 88 

nerves of, 90 

small, 86 

submucosa of, 88 
Intralobular vein, 91 
Iris, 161 
Ivory of teeth, 80 

Kabyokinesis, 13 

diagram of stages of, 14 
Karyomitosis, 13 
Keratin, 142 
Kidney, 100 
diagram of, 103 
first convoluted tubule of, 102 
hilum of, 101 
labyrinth of, 101 
lymphatics of, 107 
nerves of, 107 
pelvis of, 101, 107 
pyramidal convoluted tubule 

of, 102 
sinus of, 101, 107 
spiral tubule of, 102, 105 
Krause's end-bulbs, 52 
genital corpuscles, 131 
membrane, 36 
Kulschitsky's formula for acid 
hematoxylin stain, 214 

Labia majora, 131 
minora, 131 
15 



Labyrinth, 170 

of kidney, 100 
Lacrimal glands, 166 
Lacteal, 87 
Lacuna;, 22, 28, 151 
Lamellae, 26 
circumferential, 26, 34 
fundamental, 26 
ground, 28 
Haversian, 27 
interstitial, 28 
special, 27 
tympanic, 172 
Langerhans' bodies, 97 
Lantermann, clefts of, 50 
Large intestine, 88 
Larynx, 135 

Lateral tract, descending ante- 
rior, 184 
mixed, 184 
Lens, 149, 163 
stars, 164 

suspensory ligaments of, 149 
Leukocytes, 60 
Lieberkuhn, crypts of, 86 
Ligaments, suspensory, 164 
Liquor folliculi, 126 

sanguinis, 58 
Littre's glands, 110 
Liver, 91 

lymphatics of, 92 
Logwood and eosin as stain. 
214 ' 

Loop of Henle, 102. See also 

HeriU?& Loop. 
Loose skein, 13 
Lungs, 136 

section of, 138 
Lymph, 68 
Lymphatic system, 67 
Lymphatics, 57, 67 

perineurial, 68 

perivascular, 57, 68 
Lymph-cords, 70 
Lymph-follicles, 68 

capsule of, 68 
Lymph-glands, 69 

capsule of, 69 
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Lymph-glands, trabeculae of , 69 
Lymph-nodes, 69 
Lymphocytes, large, 61 

small, 61 
Lymphoid cells, 68 
Lymph-sinus, 70 
Lymph-vessels, 67 



Macula lutea, 149, 157 
Male generative organs, 112 

urethra, 109, 120 
Malpighian bodies, 72, 102 

pyramids, 100 
Mammary glands, 132 
Margarin, 20 
Marrow, 29 

cell, 30 

red, 29, 30 

yellow, 29, 31 
Mast-cells, 63 
Mastoid cells, 169 
Mastzellen, 31, 63 
Matrix, 21, 22, 147 
Mayer's albumin, 209 
Median fissures, 183 

line of Hensen, 31 
Mediastinum, 112 
Medullary cavity, 33 

rays, 100 

sheath, 49 
Meibomian glands, 165 
Meissner's corpuscles, 51 

plexus, 90 
Membrana vestibularis, 172 
Membrane, basement, 45, 75 

mucous, 75 

of Bowman, 151 

of Krause, 36 

serous, 73 
Mercuric chlorid as fixative, 202 
Mesoblast, 15 

tissues originating from, 16 
Mesoderm, 15 
Metaplasm, 10 
Microcytes, 64 
Microsomes, 10 
Microtomes, 205 



" Migratory "cells, 62 

Milk of mammary glands, 133 

Minute structures, 184 

Mitosis, 13 

Modiolus, 172 

Monaster, 13 

Mother cells, 115 

Mounting, 215 

Mouth, 78 

Mucin, 17 

Mucosa, 78 

Mucous membranes, 75 

tissue, 17 
Mliller, radiating fibers of, 153 
MUUer's fluid, 201 
Muscle, 36 

heart, 40 

involuntary, 38 

nonstriated, 38 

plain, 38 

skeletal, 36 

smooth, 38 

nerve-endings in, 52 

striated, 36 

tabulated comparison of three 
types, 41 

voluntary, 36, 37 
nerve-endings in, 52 
Muscularis mucosae, 75 
Myelin, 49 
Myelocytes, 30 
Myeloplax, 30 
Myocardium, 57 



Nail, 147 

bed, 147 

groove, 147 
Nasal mucous membrane, 177 
Neck of teeth, 80 
Nerve-cell, 47 
Nerve-endings, 51 

in smooth muscle, 52 

in tendons, 53 

in voluntary muscle, 52 
Nerve-fibers, nonmedullated, 50 
Nerves, 47, 48 

of intestine, 90 
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Nervous system, central, 180 
Neuraxon, 185 
Neurilemma, 49 
Neuro-epithelium, 46 . 
Neuroglia, 50 

cells, 50 

tissue, 186 
Neuron, 47 
Neutrophile granules, 30 

polymorphonuclear, 62 
Nisei, chromatic granules of, 

186 
Nitric acid as decalcifying solu- 
tion, 203 
phloroglucin as decalcifyin 
solution, 204 
Nodes of Ranvier, 49 
Nonmedullated fibers, 50 
Nuclear matrix, 11 

membrane, 11 

network, 11 
Nuclei, 49 
Nucleoli, 47 
Nucleolus, 11 
Nucleus, 11 

division of, 14 

spheroid, 47 
Nuel's spaces, 174 



Odontoblasts, 82 

Oil of cloves as clearing agent, 

215 
Olfactory cells, 178 

mucous membrane, 177 
Ora serrata, 149, 157 
Orth's solution, 201 
Ossification, centers of, 32 
Osteoblasts, 33 
Osteoclasts, 33 
Osteogenetic cells, 26 

layer of periosteum, 26 
Otoliths, 171 
Ovarian stroma, 124 
Ovary, 124 

blood supply of, 127 

lymphatics of, 127 

tunica albuginea of, 124 



Ovary, tunica externa of, 125" 

interna of, 125 
Oviducts, 127 
Ovulse Nabothi, 130 
Ovum, 15, 126 



Pacchionian bodies, 181 
Pacinian corpuscles, 52 
Pancreas, 93, 96 
Papillae, circumvallate, 79 

filiform, 78 

fungiform, 78 

of tongue, 78 
Parablast, 15 

tissues originating from, 17 
Paraffin embedding, 208 

method of staining in sections, 
scheme of preparation of tis- 
sue for, 217 
Parental cells, 114 
Parietal cells, 85 
Parotid gland, 93, 96 
Parovarium, 127 
Pavement epithelium, 45 
Penis, 118 

tunica albuginea of, 119 
Peptic cells, 85 
Pericardium, 57 
Perichondrium, 21 

cellular layer of, 21 

fibrous layer of, 21 
Perimysium, 38 
Perineurial lymphatics, 68 
Perineurium, 50 
Periodontal membrane, 82 
Periosteum, 26 

cellular layer of, 26 

inner layer of, 26 

osteogenetic layer of, 26 

outer fibrous layer of, 26 
Perivascular lymphatics, 57, 

68 
Petit, canal of, 164 
Peyer's patches, 87 
Pfliiger's salivary tubes, 93 
Phagocytes, 63 
Pia mater, 181 



228 



INDEX. 



Picric acid as decalcifying solu- 
tion, 203 
in borax carmin staining, 
212 
Pineal body, 195 
Pinna, 168 
Pituitary body, 195 
Plaques, blood, 63 
Plasma, 58 

cells, 31 
Platelets, blood, 63 
Pleura, 137 
Plexus of Auerbach, 90 

of Meissner, 90 

terminal, 51 
Polymorphonuclear neutro- 

philes, 62 
Portal canals, 92 

vein, 91 
Potassium bichromate as fixa- 
tive, 200 
Prickle cells, 141 
Primary bundles, 19 

calcification, 33 

columns of spinal cord, 183 

germ layers, 15 

tissues originating from, 
16 
Primordial ova, 124 
Propulsive epithelium, 46 
Prostate, 121 

Prostatic concretions, 118, 121 
Protective epithelium, 45 
Protoplasm, 10 
Pseudopod, 62 
Pseudostomata, 74 
Pulp of teeth, 80, 82 
Pulp-cavity of teeth, 80 
Purkinje's cells, layer of, 189 
Pyloric glands, 86 
Pyramidal tract, crossed, 184 

direct, 183 
Pyramids of Ferrein, 100 

of Malpighi, 100 



Racemose glands, 76 
Radiating fibers of Muller, 153 



Ranvier's nodes, 49 

Rectores pilorum, 147 

Red corpuscles, 58. See also 

Colored Corpuscles. 
Reissner's membrane, 172 
Remak's fiber, 50 
Respiratory mucous membrane, 
177 

system, 135 
Resting stage, 13 
Rete mucosum, 141 

testis, 112 
tubules of, 117 
Reticular cartilage, 23, 24 

process, 186 
Retiform tissue, 20, 68 
Retina, 149, 152 

blood supply of, 158 

diagram of, 154 

proper, 152 

layers of, 152, 155-158 

section of, 153 
Reverse procedure, 14 
" Ribbon " sectioning, 209 
Rosenmiiller, organ of, 127 



Saccular glands, 76 
Salivary glands, 93 

abdominal, 96 

acini of, 93 

alveoli of, 93 

blood supply of, 95 

ducts of, 93 

lymphatics of, 95 

mixed, 95 

mucous, 95 

nerves of, 95 

seromucous, 95 

serous, 94 
tubes of Pfliiger, 93 
Sarcolemma, 36 
Sarcoplasm, 38 
Sarcostyles, 37 
Sarcous elements, 37 
Sartoli's columns, 115 
Scala media, 172 
tympani, 172 
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Scala vestibuli, 172 
Schlemm's canal, 161 
Schwann, white substance of, 

49 
Sclera, 149, 159 

layers of, 159, 160 
Sebaceous glands, 143 
Secondary bundles, 19 

columns of spinal cord, 183 
Secretory epithelium, 46 
Sectioning, 204 

free-hand, 205 

"ribbon," 209 
Sections, dehydration of, 204, 

214 
Semen, 118 

Semicircular canals, 170 
Septum lingualse, 79 
Serous cavities, 73 

membranes, 73 
Shadow corpuscles, 63 
Sharpey's perforating fibers, 

29 
Sheath, medullary, 49 
Skein, close, 13 

loose, 13 
Skin, 141 

Small intestine, 86 
Sole plate, 53 
Solitary follicles, 86 
Specialization of cells, 15 
Spermatic ducts, 117 
Spermatoblasts, 116 
Spermatogenic cells, 115 
Spermatozoa, 116 
Spheroid nucleus, 47 
Spinal cord, 180 

gray matter of, 182 
lumbar section of, 185 
primary columns of, 183 
secondary columns of, 183 
white matter of, 182 
Spindles, tendon, 53 
Spiral lamina, membranous, 
172 

tube, 172 
Spirals?, ganglion, 174 
Spleen, 71 



Spleen, blood-vessels of, 72 
capsule of, 71 
nerve-fibers of, 72 
section from surface of, 71 
trabecule of, 71 
Spongioplasm, 10 
Squamous cells, 43 
Staining, 211 
in bulk, tabular scheme of 
preparation of tissue for, 
216 
in sections by celloidin 
method, scheme of pre- 
paration of tissue for, 217 
by paraffin method, scheme 
of preparation of tissue 
for, 217 
with acid hematoxylin, 

scheme for, 218 
with borax carmin, scheme 

for, 217 
with Debt-field's hematoxy- 
lin and eosin, scheme for, 
218 
Stains, 211 
borax carmin, 211 
hematoxylin, 213 

acid, 214 
logwood and eosin, 214 
Stenson's duct, 96 
Stigmata, 57 
Stomach, 84 

blood supply of, 89 
cardiac end of, 84 
mucous coat of, 84 
muscular coat of, 85 
pyloric end of, 86 
serous coat of, 85 
submucous coat of, 85 
Stomata, 74 
Stones, ear, 171 
Stratified epithelium, 45 
Stratum corneum, 142 
granulosum, 126, 141 
lucidum, 142 
Malpighii, 141 
papillae, 143 
reticulare, 143 
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Stroma of choroid, 158 

ovarian, 124 
Subarachnoidean spaces, 181 
Subdural spaces, 180 
Sublingual glands, 93, 97 
Sublobular veins, 92 
Submaxillary gland, 93, 97 
Submucosa, 78 
Substantia gelatinosa Roland i, 

187 
Sudoriferous glands, 143 
Suprarenal body, 196 
Suspensory ligament, 164 
Sustentacular cells, 115, 177 
Sweat-glands, 143 



Tactile cells, 51 
compound, 51 

corpuscles of skin, 51 
Taste-buds, 79 
Teasing, 199 
Technic, 199 
Teeth, 80 

crown of, 80 

development of, 82 

fang of, 80 

ivory of, 80 

neck of, 80 

pulp of, 80, 82 

pulp-cavity of, 80 
Tegment cells, 79 
Teichmann's crystals, 64 
Tendon, 18 

cells, 19 

nerve-endings in, 53 

spindles, 53 
Terminal plexuses, 51 
Testicle, 112 

tubule of, 115 

tunica albuginea of, 112 

vertical section of, 113 
Theca folliculi, 125 
Third corpuscles, 63 
Thoracic duct, 67 
Thymus, 72 
Thyroid, 139 
Tissue, 16 



Tissue, adenoid, 20 
adipose, 19, 20 
areola, 17 
connective, 17 
diffuse adenoid, 68 
erectile, section of, 119 
mucous, 17 
originating from primary 

germ layers, 16 
retiform, 20, 68 
to be stained in bulk, tabular 
scheme of preparation of, 
216 
in sections by celloidin 
method, scheme of pre- 
paration of, 217 
by paraffin method, 
scheme of preparation 
of, 217. 
white fibrous, 17, 18 
yellow elastic, 19 
Tongue, 78 

blood-supply of, 80 
lymphatics of, 80 
mucous membrane of, 80 
papillae of, 78 
Tonsils, 73 
Tooth-pulp, 80, 82 
Trachea, 135 

Transitional epithelium, 45 
True corpus luteum, 127 
Tubular glands, 75. See also 

Glands, tubular. 
Tunica adventitia, 55 
albuginea of ovary, 124 
of penis, 119 
of testicle, 112 
externa of ovary, 125 
interna of ovary, 125 
intima, 55 
media, 55 
vaginalis, 112 
vasculosum, 112 
Turck's column, 183 
Tympanic cavity, 169 

lamella, 172 
Tympanum, 168 
Tyson's glands, 118 
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Ureters, 107 

Urethra, 109, 119 
female, 110 
male, 109, 120 

Urinary bladder, 108 
tract, 100 

Uriniferous tubules, 101 

Uterus, 128 

blood-vessels of, 130 
coats of, 128, 129 
lymphatics of, 130 



Vagina, 130 

blood-vessels of, 130 

lymphatics of, 131 
Valves of heart, 57 

of thoracic duct, 67 
Valvulse conniventes, 86 
Vas deferens, 113, 117 
Vasa efferentia, 112, 117 

recti, 112 

rectis, 117 

vasorum, 57 
Vascular system, 55 
Vater, corpuscles of, 52, 122 
Vein, 56 

central, 91 

hepatic, 92 

interlobular, 91, 106 

intralobular, 91 

portal, 91 

sublobular, 92 
Venae stellaj, 107 
Vesicula seminalis, 113, 117 
Vestibule of ear, 170 
Villi of small intestine, 86 
Vitelline membrane, 126 



Vitellus, 126 

Vitreous humor, 150, 165 

Volkmann's canals, 28 



Wharton's duct, 97 

White blood-cells, 60 
fibrocartilage, 22, 24 
fibrous tissue, 17, 18 
matter of spinal cord, 182 
substance, 187 
of Schwann, 49 

Wolffian body, 117 
duct, 127 

Wreath, 13 



Xylol as clearing agent, 215 



Yellow elastic cartilage, 23, 
24 
tissue, 19 



Zinn, zone of, 164 
Zona fasciculata, 196 

glomerulosa, 196 

pectinata, 173 

pellucida, 126 

reticularis, 196 

spongiosa, 187 

tecta, 173 

terminalis, 187 
Zone of Zinn, 164 
Zonula ciliaris, 164 
Zymogen granules, 96 
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EICHHORST'S PRACTICE OF MEDICINE. 

A Text-Book of the Practice of Medicine. Bv Dr. Herman ElCHHORST, 
Professor of Special Pathology and Therapeutics and Director of the Medi- 
cal Clinic, University of Zurich. Translated and edited by AUGUSTUS A. 
Ksiinkr, M.D., Professor of Clinical Medicine, Philadelphia Polyclinic. 
Two royal octavo volumes, 600 pages each, 150 illustrations. Per set: 
Cloth, 36.00 net; Sheep or Half Morocco, #7-5° net. 

FRIEDR1CH AND CURTIS ON THE NOSE, THROAT, AND 
EAR. 

Rhinology, Laryngology, and Otology, and their Significance in General 
Medicine' By Dr. E. P. FRIEDRICH, of Leipzig. Edited by H. HOLBROOK 
Curtis, M. D., Consulting Surgeon to the New York Nose and Throat Hos- 
pital. Octavo, 348 pages. Cloth, $2.50 net. 

FROTHINGHAJVTS GUIDE FOR THE BACTERIOLOGIST. 

Laboratory Guide for the Bacteriologist. By Lancdon FROTHINGHAM, 
M. I). V., Assistant in Bacteriology and Veterinary Science, Sheffield Scien- 
tific School, Yale University. Illustrated. Cloth, 75 cts. net. 

GARRIGUES' DISEASES OF WOMEN. Third Edition, Re- 
vised. 

Diseases of Women. By Henry J. GARRIGUES, A. M., M. D., Gynecolo- 
gist to St. Mark's Hospital and to the German Dispensary, New York City. 
Octavo, 756 pages, with 367 engravings and colored plates. Cloth, $4.50 
net ; Sheep or Half Morocco, $5.50 net. 
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GOULD AND PYLE'S CURIOSITIES OF MEDICINE. 

Anomalies and Curiosities of Medicine. By GEORGE M. GOULD, M. D., 
and WALTER L. Pyle, M. D. An encyclopedic collection of rare and ex- 
traordinary cases and of the most striking instances of abnormality in all 
branches of Medicine and Surgery, derived from an exhaustive research of 
medical literature from its origin to the present day, abstracted, classified, 
annotated, and indexed. Handsome octavo volume of 968 pages ; 295 en- 
gravings and 12 full-page plates. Popular Edition. Cloth, $3.00 net; Sheep 
or Half Morocco, #4.00 net. 

GRAFSTROM'S MECHANO-THERAPY. 

A Text-Book of Mechano-Therapy (Massage and Medical Gymnastics). 
By Axel V. Grakstrom, B. Sc, M. D., late House Physician, City Hos- 
pital, Blackwell's Island, New York. i2mo, 139 pages, illustrated. Cloth, 
#1.00 net. 

GRIFFITH ON THE BABY. Second Edition, Revised. 

The Care of the Baby. By J. P. Crozer Griffith, M. D., Clinical Pro- 
fessor of Diseases of Children, University of Pennsylvania ; Physician to the 
Children's Hospital, Philadelphia, etc. i2mo, 404 pages, 67 illustrations 
and 5 plates. Cloth, $1.50 net. 

GRIFFITH'S WEIQHT CHART. 

Infant's Weight Chart. Designed by J. P. CROZER GRIFFITH, M. D., 
Clinical Professor of Diseases of Children, University of Pennsylvania. 25 
charts in each pad. Per pad, 50 cts. net. 

HART'S DIET IN SICKNESS AND IN HEALTH. 

Diet in Sickness and Health. By Mrs. Ernest Hart, formerly Student 
of the Faculty of Medicine of Paris and of the London School of Medicine 
for Women ; with an Introduction by SIR HENRY THOMPSON, F. R. C. S., 
M. D., London. 220 pages. Cloth, $1.50 net. 

HAYNES' ANATOMY. 

A Manual of Anatomy. By Irving S. HAYNES, M. D., Professor of Prac- 
tical Anatomy in Cornell University Medical College. 680 pages ; 42 dia- 
grams and 134 full-page half-tone illustrations from original photographs of 
the author's dissections. Cloth, $2.50 net. 

HEISLER'S EMBRYOLOGY. Second Edition, Revised. 

A Text-Book of Embryology. By JOHN C. HEISLER, M. D., Professor of 
Anatomy. Medico- Chirurgical College, Philadelphia. Octavo volume of 405 
pages, handsomely illustrated. Cloth, $2.50 net. 

HIRST'S OBSTETRICS. Third Edition, Revised and Enlarged. 

A Text-Book of Obstetrics. By Barton Cooke Hirst, M.D., Professor 
of Obstetrics, University of Pennsylvania. Handsome octavo volume of 
873 P^'S. 7<>4 illustrations, 36 of them in colors. Cloth, $5.00 net ; Sheep 
or Half Morocco, $6.00 net. 
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HYDE & MONTGOMERY ON SYPHILIS AND THE VENEREAL 
DISEASES. ad Edition, Reviled mad Greatly Enlarged. 

>.-:-.:. = ±r.l :r.- VT-r:ri Lr.^i^ fcy J AMES XEV1NS HYDE. M. D.. P*o- 

ivV-it c: < fc - ir. i V ■_-- rrt^l O scs^o; i£d" Frank H. Montgomery. M. D., 
A -=-.-: .i.:e iTzznr-.T .: >^:- «3r:::::>-l."r.r.ary.and Venereal Diseases in Rush 

■^i::i. «_"c- Ir^r Cl:-a^o I.I. <>.:&"• o 594 pages, profusely illustrated. 
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THE INTERNATIONAL TEXT-BOOK OF SURGERY, la Two 

Volumes. 

:'■> A -:*r: : ^r. ar. z B r -Ji . A -:h . rs. r^i::e : by I . COLLINS War REN. M. D., 
i.L. u.. r. k.C.S. Kot.. . Profess::- c: Surgery. Harvard Medical School. 
i.=-or. : ar.i A. PlaK'.e uovll. M. <.. F. R. C. S.. Lecturer on Practical 
Sur^-Try .i-.«i Tra.her el Opera:: - . e burgery. Middlesex Hospital Medical 
S . r. .,■_■ ". . I .-: r. ior. Er.-. V-> ". . I . •..- i •: i »-j ." .S& r <* r y- — Handsome octavo, 947 
pa^-r- a ii:. .15: icAu::f-I i".Iu5:ri::.;r.a arc y lithographic plates. VoL II. 
.\-i..:." . r a':/: . :.' .\. »y< >-. . — H.indson'.c octavo. 1072 pages, with 471 
r.c u:i :"■-*. ■.".■j.=:ra::v.-r.> .:r.i • i::r.c graphic plates. A»W £r Sm&scriptiom. 
I'ricvs p-.r ■«_!u:v.e : O- ::. 55 -c r.e: : Sheep or Half Morocco. $6.00 net. 

" It i> :ht 7T. >t \j.'.-jl'z'.-z w rk r. the s::-;e-.-: that has appeared in some years. The 
clinician ar.d the ^ ath . '. :* : .»t ha%e ;- ir.ei har.-is ir. its pre -duct ion. and the result mart be a 
sat:>fa:tl jn t. the c lit . r» a* it is a *r.»t.:::.»tl.r. :. the conscientious reader." — Amnmls cf 
surg- ry 

"This :> a w rk whi.-h ■; tr.e* :■ us en its • wn intrinsic merits. Of the latter it has 
verv mar.y. 1 he arrar.£*:r.er.: :" >u:;ec:s :* e\:c".trt. and their treatment hy the different 
an: nor s is eqtia'.'.y 5. . \Yhat L> r>^-t.ia"..y :■ "re rec-. n-.rr.ended is the painstaking endeavor 
of eath writer t . rr.ake his subject c.ear ar.d t the point. To this end pa r t ienh rly is the 
technique ■ t" ^r«erat::r.< !u:idly described ir. a" r.ecessarv detail. And withal the work is op 
to date in a very rem-rkaV.c decree, rr.ar.y «.:" the Latest operations in the different regional 
parts ■•:" the :-<iy t-eir.s civer. ir. i'S.\ detail*. There is r.--t a chapter in the work from which 
the reaier may r.ut learn something :.ew." — J.Vt/:Vtf. AV.v»«r. New York. 

JACKSON'S DISEASES OF THE EYE. 

A Man m I of Diseases of the Eye. By Eiayakp JACKSON, A.M., M. D., 
Erne itus Professor of diseases of the Eye. Philadt-lpb/a Polyclinic and Col- 
l-i».-- fur Griduitfs in Medicine. i:mo. volume of 535 pages, with 178 illus- 
trations, mostly fr«>m drawings by the author. Cloth. $2.50 net. 

KEATING'S LIFE INSURANCE. 

How to Examine for L fe Insurance. Ry John M. KEATING. M. D., Fellow 
of the College of Physician- of Philadelphia : Ex- President of the Association 
of Life Insurance "Medical Directors. Royal octavo. 211 pages. With 

nurn*rou^ illustrations. Cloth. 52.00 net. 

KEEN ON THE SURGERY OF TYPHOID FEVER. 

'Mi** Surgical Complications anil Sequels of Tvphoid Fever. By Wm. W. 
Kken, M.D., LL.D.. F. R.C.S. (Hon.t, Professor of the Principles of Sur- 
I'rry and of Clinical Surgery, Jefferson Medical College, Philadelphia, etc. 
Octavo volume of 336 pages, illustrated. Cloth, S3.00 net. 

KEEN'S OPERATION BLANK. Second Edition, Revised Form. 

An Operation Blank, with Lists of Instruments, etc. Required in Various 
Opi-nitions. Prepared by \V. \V. Kken, M. D., LL.D., F. R.C.S. (Hon.), 
Profi'«,sor of the Principles of Surgery and of Clinical Surgery, Jefferson 
Mrdii-ul College, nnladelphia. Price per pad, of 50 blanks, 50 cts. net. 
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KYLE ON THE NOSE AND THROAT. Second Edition. 

Diseases of the Nose and Throat. By D. Braden Kyle, M. D., Clinical 
Professor of Laryngology and Rhinology, Jefferson Medical College, Phila- 
delphia. Octavo, 646 pages ; over 150 illustrations and 6 lithographic plates. 
Cloth, $4.00 net; Sheep or Half Morocco, $5.00 net. 

LAIN^'S TEMPERATURE CHART. 

Temperature Chart. Prepared by D. T. LAINE, M. D. Size 8 x 13^ 
inches. A conveniently arranged Chart for recording Temperature, with 
columns for daily amounts of Urinary and Fecal Excretions, Food, Re- 
marks, etc. On the back of each chart is given the Brand treatment of 
Typhoid Fever. Price, per pad of 25 charts, 50 cts. net. 

LEVY, KLEMPERER, AND ESHNER'S CLINICAL BACTERI- 
OLOGY. 

The Elements of Clinical Bacteriology. By Dr. Ernst Levy, Professor 
in the University of Strasburg, and Dr. Felix Klemperer, Privatdocent 
in the University of Strasburg. Translated and edited by Augustus A. 
ESHNER, M. D., Professor of Clinical Medicine, Philadelphia Polyclinic. 
Octavo, 440 pages, fully illustrated. Cloth, $2.50 net. 

LOCKWOOD'5 PRACTICE OF MEDICINE. Second Edition, 
Revised and Enlarged. 

A Manual of the Practice of Medicine. By George Roe Lockwood, 
M. D., Professor of Practice in the Women's Medical College of the New 
York Infirmary, etc. 

LONG'S SYLLABUS OF GYNECOLOGY. 

A Syllabus of Gynecology, arranged in Conformity with "An American 
Text-Book of Gynecology." By J. W. Long, M. D., Professor of Dis- 
eases of Women and Children, Medical College of Virginia, etc. Cloth, 
interleaved, $1.00 net. 

MACDONALD'S SURGICAL DIAGNOSIS AND TREATMENT. 

Surgical Diagnosis and Treatment. By J. W. Macdonald, M. D. Edin., 
F. R. C. S. Edin., Professor of Practice of Surgery and Clinical Surgery, 
Hamline University. Handsome octavo, 800 pages, fully illustrated. Cloth, 
$5.00 net ; Sheep or Half Morocco, $6.00 net. 

MALLORY AND WRIGHT'S PATHOLOQICAL TECHNIQUE. 
Second Edition, Revised and Enlarged. 

Pathological Technique. A Practical Manual for Laboratory Work in 
Pathology, Bacteriology, and Morbid Anatomy, with chapters on Post- 
Mortem Technique and the Performance of Autopsies. By FRANK B. 
Mallory, A. M., M. D., Assistant Professor of Pathology, Harvard Uni- 
versity Medical School, Boston; and James H. Wright, A. M., M.D., 
Instructor in Pathology, Harvard University Medical School, Boston. 

McFARLAND'S PATHOGENIC BACTERIA. Third Edition, 
increased In size by over 100 Pages. 

Text-Book upon the Pathogenic Bacteria. By Joseph McFARLAND, 
M. D., Professor of Pathology and Bacteriology, Medico-Chirurgical Col- 
lege of Philadelphia, etc. Octavo volume of 621 pages, finely illustrated. 
Cloth, $3.25 net. 
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MEIGS ON FEEDING IN INFANCY. 

Feeding in Early Infancy. By ARTHUR V. MEIGS, M. D. Bound in limp 
cloth, flush edges, 25 cts. net. 

MOORE'S ORTHOPEDIC SURGERY. 

A Manual of Orthopedic Surgery. By James E. Moore, M. D., Professor 
of Orthopedics and Adjunct Professor of Clinical Surgery, University of 
Minnesota, College of Medicine and Surgery. Octavo volume of 356 pages, 
handsomely illustrated. Cloth, 32.50 net. 

MORTEN'S NURSES' DICTIONARY. 

Nurses' Dictionary of Medical Terms and Nursing Treatment. Containing 
Definitions of the Principal Medical and Nursing Terms and Abbreviations ; 
of the Instruments, Drugs, Diseases, Accidents, Treatments, Operations, 
Foods, Appliances, etc. encountered in the ward or in the sick-room. By 
Honnor Morten, author of" How to Become a Nurse," etc. i6mo, 140 
pages. Cloth, $1.00 net. 

NANCREDE'5 ANATOMY AND DISSECTION. Fourth Edition. 

Essentials of Anatomy and Manual of Practical Dissection. By CHARLES 
B. Nancrkdk, M. D., LL.D., Professor of Surgery and of Clinical Surgery, 
University of Michigan, Ann Arbor. Post-octavo, 500 pages, with full-page 
lithographic plates in colors and nearly 200 illustrations. Extra Cloth (or 
Oilcloth for dissection-room), $2.00 net. 

NANCREDE'S PRINCIPLES OF SURGERY. 

Lectures on the Principles of Surgery. By CHARLES B. NANCREDE, M. D., 
LL.D,, Professor of Surgery and of Clinical Surgery, University of Michigan, 
Ann Arbor. Octavo, 398 pages, illustrated. Cloth, $2.50 net. 

NORRIS'S SYLLABUS OF OBSTETRICS. Third Edition, 
Revised. 

Syllabus of Obstetrical Lectures in the Medical Department of the University 
of Pennsylvania. By Richard C. Norris, A.M., M. D., Instructor in 
Obstetrics and Lecturer on Clinical and Operative Obstetrics, University 
of Pennsylvania. Crown octavo, 222 pages. Cloth, interleaved for notes, 
$2.00 net. 

OGDEN ON THE URINE. 

Clinical Examination of the Urine and Urinary Diagnosis. A Clinical Guide 
for the Use of Practitioners and Students of Medicine and Surgery. By J. 
Bergen Ogden, M. D., Instructor in Chemistry, Harvard University Med- 
ical School. Handsome octavo, 416 pages, with 54 illustrations, and a num- 
ber of colored plates. Cloth, $3.00 net. 

PENROSE'S DISEASES OF WOMEN. Fourth Edition, Revised. 

A Text-Book of Diseases of Women. By CHARLES B. PENROSE, M. D., 
PH. D., formerly Professor of Gynecology in the University of Pennsylvania. 
Octavo volume of 538 pages, handsomely illustrated. Cloth, $3.75 net. 
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PRYOR— PELVIC INFLAMMATIONS. 

The Treatment of Pelvic Inflammations through the Vagina. By W. R. 
Pryor, M. D., Professor of Gynecology, New York Polyclinic. i2mo, 248 
pages, handsomely illustrated. Cloth, $2.00 net. 

PYE'S BANDAGING. 

Elementary Bandaging and Surgical Dressing. With Directions concerning 
the Immediate Treatment of Cases of Emergency. By Walter Pye, 
F. R. C. S., late Surgeon to St. Mary's Hospital, London. Small 121110, 
over 80 illustrations. Cloth, flexible covers, 75 cts. net. 

PYLE'S PERSONAL HYGIENE. 

A Manual of Personal Hygiene. Proper Living upon a Physiologic Basis. 
Edited by Walter L. Pyle, M. D., Assistant Surgeon to the Wills Eye 
Hospital, Philadelphia. Octavo volume of 344 pages, fully illustrated. 
Cloth, $1.50 net. 

RAYMOND'S PHYSIOLOGY. Second Edition, Revised and 
Greatly Enlarged. 

A Text-Book of Physiology. By Joseph H. Raymond, A. M., M. D., Pro- 
fessor of Physiology and Hygiene and Lecturer on Gynecology in the Long 
Island College Hospital. 

SALINGER AND KALTEYER'S MODERN MEDICINE. 

Modern Medicine. By Julius L. Salinger, M. D., Demonstrator of 
Clinical Medicine, Jefferson Medical College ; and F. J. Kalteyer, M. D., 
Assistant Demonstrator of Clinical Medicine, Jefferson Medical College. 
Handsome octavo, 801 pages, illustrated. Cloth, $4.00 net. 

SAUNDBY'S RENAL AND URINARY DISEASES. 

Lectures on Renal and Urinary Diseases. By Robert Saundby, M. D. 
Edin., Fellow of the Royal College of Physicians, London, and of the Royal 
Medico-Chirurgical Society ; Professor of Medicine in Mason College, Bir- 
mingham, etc. Octavo, 434 pages, with numerous illustrations and 4 colored 
plates. Cloth, $2.50 net. 

SAUNDERS' MEDICAL HAND-ATLASES. See pp. 16 and 17. 

SAUNDERS' POCKET MEDICAL FORMULARY. Sixth Edi- 
tion, Revised. 

By William M. Powell, M. D., author of " Essentials of Diseases of 
Children" ; Member of Philadelphia Pathological Society. Containing 1844 
formulre from the best-known authorities. With an Appendix containing 
Posological Table, Formula? and Doses for Hypodermic Medication, 
Poisons and their Antidotes, Diameters of the Female Pelvis and Fetal 
Head, Obstetrical Table, Diet List for Various Diseases, Materials and 
Drugs used in Antiseptic Surgery, Treatment of Asphyxia from Drowning, 
Surgical Remembrancer, Tables of Incompatibles, Eruptive Fevers, etc., 
etc. Handsomely bound in flexible morocco, with side index, wallet, and 
flap. $2.00 net. 

SAUNDERS' QUESTION-COMPENDS. See pages 14 and 15. 
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SCUDDER'S FRACTURES. Second Edition, Revised. 

The Treatment of Fractures. -By Chas L. Scudder, M. D., Assistant in 
Clinical and Operative Surgery, Harvard University Medical School. Oc- 
tavo, 433 pages, with nearly 600 original illustrations. Polished Buckram, 
$4.50 net ; Half Morocco, $5.50 net. 

SENN'S GENITO-URINARY TUBERCULOSIS. 

Tuberculosis of the Genito- Urinary Organs, Male and Female. By Nich- 
olas Sknn, M. D., Ph. D., LL.D., Professor of the Practice of Surgery and 
of Clinical Surgery, Rush Medical College, Chicago. Handsome octavo 
volume of 320 pages, illustrated. Cloth, $3.00 net. 

SENN'S PRACTICAL SURGERY. 

Practical Surgery. By Nicholas Senn, M. D., Ph.D., LL.D., Professor 
of the Practice of Surgery and of Clinical Surgery, Rush Medical College, 
Chicago. Handsome octavo volume of 1200 pages, profusely illustrated. 
Cloth, $6.00 net ; Sheep or Half Morocco, $7.00 net. By Subscription. 

SENN'S SYLLABUS OF SURGERY. 

A Syllabus of Lectures on the Practice of Surgery, arranged in conformity 
with "An American Text-Hook of Surgery." By NICHOLAS SENN, M. D., 
PH.D., LL.D., Professor of the Practice of Surgery and of Clinical Surgery. 
Rush Medical College, Chicago. Cloth, #1.50 net. 

SENN'S TUMORS. Second Edition, Revised. 

Pathology and Surgical Treatment of Tumors. By NICHOLAS SENN, M. D., 
Ph.D., LL.D., Professor of the Practice of Surgery and of Clinical Surgery, 
Rush Medical College, Chicago. Octavo volume of 718 pages, with 478 
illustrations, includidg 12 full-page plates in colors. Cloth, #5.00 net ; Sheep 
or Half Morocco, 56.00 net. 

STARR'S DIETS FOR INFANTS AND CHILDREN. 

Diets for Infants and Children in Health and in Disease. By I^OUIS STARR, 
M. D„ Editor of " An American Text- Book of the Diseases of Children." 
230 blanks (pocket-book size), perforated and neatly bound in flexible 
morocco. $125 net. 

STENGEL'S PATHOLOGY. Third Edition, Thoroughly Revised. 

A Text-Book of Pathology. By Alfred Stengel. M. D., Professor of 
Clinical Medicine, University of Pennsylvania ; Visiting Physician to the 
Pennsylvania Hospital. Handsome octavo, 873 pages, nearly 400 illustra- 
tions, many of them in colors. Cloth, #5.00 net; Sheep or Half Morocco, 
$6.00 net. 

STENGEL AND WHITE ON THE BLOOD. 

The Blood in its Clinical and Pathological Relations. By ALFRED Sten- 
gel. M. D.. Professor of Clinical Medicine, University of Pennsylvania; and 
C. Y. White, Jr., M.I)., Instructor in Clinical Medicine, University of 
Pennsylvania. /// Press. 
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STEVENS' MATERIA MEDICA AND THERAPEUTICS. Third 
Edition, Revised and Greatly Enlarged. 

A Text-Book of Modern Therapeutics. By A. A. Stevens, A. M., M. D., 
Lecturer on Physical Diagnosis in the University of Pennsylvania. 

STEVENS' PRACTICE OF MEDICINE. Fifth Edition, Revised. 

A Manual of the Practice of Medicine. By A. A. STEVENS, A. M., M. D., 
Lecturer on Physical Diagnosis in the University of Pennsylvania. Spe- 
cially intended for students preparing for graduation and hospital examina- 
tions. Post-octavo, 519 pages ; illustrated. Flexible Leather, $2.00 net. 

STEWART'S PHYSIOLOGY. Fourth Edition, Revised. 

A Manual of Physiology, with Practical Exercises. For Students and Prac- 
titioners. By G. N. Stewart, M. A., M. D., D. Sc, Professor of Physiol- 
ogy in the Western Reserve University, Cleveland, Ohio. Octavo volume 
of 894 pages ; 336 illustrations and 5 colored plates. Cloth, $3.75 net. 

STONEY'S MATERIA MEDICA FOR NURSES. 

Materia Medica for Nurses. By EMILY A. M. STONEY, late Superintend- 
ent of the Training-School for Nurses, Carney Hospital, South Boston, 
Mass. Handsome octavo volume of 306 pages. Cloth, $1.50 net. 

STONEY'S NURSING. Second Edition, Revised. 

Practical Points in Nucsing. For Nurses in Private Practice. By EMILY 
A. M. STONEY, late Superintendent of the Training-School for Nurses, 
Carney Hospital, South Boston, Mass. 456 pages, with 73 engravings and 
8 colored and half-tone plates. Cloth, $1.75 net. 

STONEY'S SURGICAL TECHNIC FOR NURSES. 

Bacteriology and Surgical Technic for Nurses. By Emily A. M. Stoney, 
late Superintendent of the Training-School for Nurses, Carney Hospital, 
South Boston, Mass. i2mo volume, fully illustrated. Cloth, $1.2$ net. 

THOMAS'S DIET LISTS. Second Edition, Revised. 

Diet Lists and Sick-Room Dietary. By Jerome B. Thomas, M. D., In- 
structor in Materia Medica, Long Island Hospital; Assistant Bacteriologist 
to the Hoagland Laboratory. Cloth, $1.25 net. Send for sample sheet. 

THORNTON'S DOSE-BOOK AND PRESCRIPTION-WRITING. 
Second Edition, Revised and Enlarged. 

Dose-Book and Manual of Prescription-Writing. By E. Q. THORNTON, 
M. D., Demonstrator of Therapeutics, Jefferson Medical College, Philadel- 
phia. 

VAN VALZAH AND NISBET'S DISEASES OF THE STOMACH. 

Diseases of the Stomach. By WILLIAM W. Van Valzah, M. D., Pro- 
fessor of General Medicine and Diseases of the Digestive System and the 
Blood, New York Polyclinic; and J. DOUGLAS Nisbet, M. D., Adjunct 
Professor of General Medicine and Diseases of the Digestive System and 
the Blood, New York Polyclinic. Octavo volume of 674 pages, illustrated. 
Cloth, #3.50 net. 
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VECKI'S SEXUAL IMPOTENCE. Second Edition, Revised. 

The Pathology and Treatment of Sexual Impotence. By VICTOR G. VECKI, 
M. D. From the second German edition, revised and enlarged. Demi- 
octavo, 291 pages. Cloth, $2.x> net. 

VIERORDTS MEDICAL DIAGNOSIS, Fourth Edition, Re- 
vised. 

Medical Diagnosis. By Dr. Oswald Vierordt, Professor of Medicine, 
University of Heidelberg. Translated, with additions, from the fifth en- 
larged German edition, with the author's permission, by FRANCIS H. 
Stuart, A.M., M.D. Handsome octavo volume, 603 pages; 194 wood- 
cuts, many of them in colors. Cloth, 4.00 net; Sheep or Half-Morocco, 
#5.00 net. 

WATSON'S HANDBOOK FOR NURSES. 

A Handbook for Nurses. By J. K. Watson, M.D. Edin. American 
Edition, under supervision of A. A. Stevens, A. M., M. D., Lecturer on 
Physical Diagnosis, University of Pennsylvania. i2mo, 413 pages, 73 illus- 
trations. Cloth, $1.50 net. 

WARREN'S SURGICAL PATHOLOGY. Second Edition. 

Surgical Pathology and Therapeutics. By John Collins Warren, M. D., 
LL.D., F. R. C S. (Hon.), Professor of Surgery, Harvard Medical School. 
Handsome octavo, 873 pages ; 136 relief and lithographic illustrations, 33 in 
colors. With an Appendix on Scientific Aids to Surgical Diagnosis, and a 
series of articles on Regional Bacteriology. Cloth, $5.00 net; Sheep or 
Half Morocco, $6.00 net. 
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Essentials of Physiology. By Simon BudoMt, M.D. A« entirely »<■* 
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Essentials of Surgery. By bi.WAXi. Maht.n. m. I). Severn]] «jiii<ni, reviled. 
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Essentials of Anatomy. By CHuia li Nanckeub, M.D. Sixth edition, 
thoroughly revised mil enlarged. 
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Essentials of Medical Chemistry, Organic and Inorganic, By La whence 
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Essentials of Obstetrics, By W.lUstnn Aumm.H. D. Fourth edition, 
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Essentials of Pathology and Morbid Anatomy, By f. J. k ,. . ■ i >■,.. M. D. 
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Saunders' Medical Hand- Atlases. 



VOLUMES NOW READY. 

ATLAS AND EPITOME OF INTERNAL MEDICINE AND 

CLINICAL DIAGNOSIS. 

By Dr. Chr. Jakob, of Erlangen. Edited by Augustus A. Eshner, 
M. D., Professor of Clinical Medicine, Philadelphia Polyclinic. With 179 
colored figures on 68 plates, 64 text-illustrations, 259 pages of text. Cloth, 
#3.00 net. 

ATLAS OF LEGAL MEDICINE. 

By Dr. E. R. von Hoffman, of Vienna. Edited by Frederick Peter- 
son, M. D., Chief of Clinic, Nervous Department, College of Physicians and 
Surgeons, New York. With 120 colored figures on 56 plates and 193 beau- 
tiful half-tone illustrations. Cloth, $3.50 net. 

ATLAS AND EPITOME OF DISEASES OF THE LARYNX. 

By Dr. L. Grunwald, of Munich. Edited by Charles P. Grayson, 
M. D., Physician-in-Charge, Throat and Nose Department, Hospital of the 
University of Pennsylvania. With 107 colored figures on 44 plates, 25 text- 
illustrations, and 103 pages of text. Cloth, #2.50 net. 

ATLAS AND EPITOME OF OPERATIVE SURGERY. 

By Dr. O. Zuckerkandl, of Vienna. Edited by J. Chalmers DaCosta, 
M. D., Professor of Principles of Surgery and Clinical Surgery, Jefferson 
Medical College, Philadelphia. With 24 colored plates, 214 text-illustra- 
tions, and 395 pages of text. Cloth, #3.00 net. 

ATLAS AND EPITOME OF SYPHILIS AND THE VENEREAL 
DISEASES. 

By Prof. Dr. Franz Mracek, of Vienna. Edited by L. Bolton Bangs, 
M. D., Professor of Genito-Urinary Surgery, University and Bellevue Hos- 
pital Medical College, New York. With 71 colored plates, 16 illustrations, 
and 122 pages of text. Cloth, #3.50 net. 

ATLAS AND EPITOME OF EXTERNAL DISEASES OF THE 
EYE. 

By Dr. O. Haab, of Zurich. Edited by G. E. DE SCHWEINITZ, M. D., 
Professor of Ophthalmology, Jefferson Medical College, Philadelphia. With 
76 colored illustrations on 40 plates and 228 pages of text. Cloth, #3.00 net. 

ATLAS AND EPITOME OF SKIN DISEASES. 

By Prof. Dr. Franz Mracek, of Vienna. Edited by Henry W. Stel- 
wagon. M. D., Clinical Professor of Dermatology, Jefferson Medical Col- 
lege, Philadelphia. With 63 colored plates, 39 half-tone illustrations, and 
200 pages of text. Cloth, $3.50 net. 

ATLAS AND EPITOME OF SPECIAL PATHOLOGICAL HIS- 
TOLOGY. 

By Dr. H. Durck, of Munich. Edited by Ludvvig Hektoen, Ml D., 
Professor of Pathology, Rush Medical College, Chicago. In Two Parts. 
Part I. Ready, including Circulatory, Respiratory, and Gastro-intestinal 
Tract, 120 colored figures on 62 plates, 158 pages of test. Part II. Ready 
Shortly. Price of Part I., $3.00 net. 
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VOLUMES JUST ISSUED. 

ATLAS AND EPITOME OP DISEASES CAUSED BY ACCI- 
DENTS. 

By Dr. Ed. Golebiewski, of Berlin. Translated and edited with addi- 
tions by Pearce Bailey, M. D., Attending Physician to the Department 
of Corrections and to the Almshouse and Incurable Hospitals, New York. 
With 40 colored plates, 143 text-illustrations, and 600 pages of text. Cloth, 
54.00 net. 

ATLAS AND EPITOME OF GYNECOLOGY. 

By Dr. O. SHAEFFER, of Heidelberg. From the Second Revised German 
Edition, Edited by RICHARD C. NoRRIS, A. M., M.D., Gynecologist to 
the Methodist Episcopal and the Philadelphia Hospitals ; Surgeon-in-Charge 
of Preston Retreat, Philadelphia. With 90 colored plates, 65 text-illustra- 
tions, and 308 pages of text. Cloth, #3-5° net. 

ATLAS AND EPITOME OF THE NERVOUS SYSTEM AND 
ITS DISEASES. 

By PROFESSOR Dr. CHR. JAKOB, of Erlangen. From the Second Revised 
and Enlarged German Edition. Edited by EDWARD D. FlSHER, M. D., 
Professor of Diseases of the Nervous System, University and Bellevue Hos- 
pital Medical College, New York. With 83 plates and a copious text. 
53.50 net. 

ATLAS AND EPITOME OF LABOR AND OPERATIVE OB- 
STETRICS. 

By Dr. O. SHAEFFER, of Heidelberg. From the Fifth Revised and Enlarged 
German Edition. Edited by J. CLIFTON EDGAR, M. D., Professor of Ob- 
stetrics and Clinical Midwifery, Cornell University Medical School. With 
126 colored illustrations. $2.00 net. 

ATLAS AND EPITOME OF OBSTETRICAL DIAGNOSIS AND 
TREATMENT. 

By DR. O. SHAEFFER, of Heidelberg. From the Second Revised and En- 
larged German Edition. Edited by J. CLIFTON EDGAR, M. D., Professor 
of Obstetrics and Clinical Midwifery, Cornell University Medical School. 
72 colored plates, numerous text-illustrations, and copious text. 53°° net> 

ATLAS AND EPITOME OF OPHTHALMOSCOPY AND OPH- 
THALMOSCOPIC DIAGNOSIS. 

By Dr. O. Haab, of Zurich. From the Third Revised and Enlarged Ger- 
man Edition. Edited by G. E. DE SciIVVElNlTZ, M. D., Professor of Oph- 
thalmology, Jefferson Medical College, Philadelphia. With 152 colored 
figures and 82 pages of text. Cloth, 53°° net. 

ATLAS AND EPITOME OF BACTERIOLOGY. 

Including a Hand-Book of Special Bacteriologic Diagnosis. By Prof. Dr. 
K. B. LEHMANN and Dr. R. O. NEUMANN, of Wurzburg. From the Second 
Revised German Edition. Edited by GEORGE II. Weaver, M. D., Assistant 
Professor of Pathology and Bacteriology, Rush Medical College, Chicago. 
Two volumes, with over 600 colored lithographic figures, numerous text- 
illustrations, and 500 pages of text. 
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Nothnagel's Encyclopedia 

OF 

PRACTICAL MEDICINE. 

Edited by ALFRED STENGEL, M.D., 

Professor of Clinical Medicine in the University of Pennsylvania ; Visiting 
Physician to the Pennsylvania Hospital. 

IT is universally acknowledged that the Germans lead the world in Internal Medicine; 

*■ and of all the German works on this subject, Nothnagel's " Special Pathology and 
Therapeutics" is conceded by scholars to be without question the best System of 
Medicine in existence. So necessary is this book in the study of Internal Medicine 
that it comes largely to this country in the original German. In view of these facts, 
Messrs. W. B. Saunders & Company have arranged with the publishers to issue at once 
an authorized edition of this great encyclopedia of medicine in English. 

For the present a set of some ten or twelve volumes, representing the most practical 
part of this encyclopedia, and selected with especial thought of the needs of the practical 
physician, will be published. These volumes will contain the real essence of the entire 
work, and the purchaser will therefore obtain at less than half the cost the cream of the origi- 
nal. Later the special and more strictly scientific volumes will be offered from time to time. 

The work will be translated by men possessing thorough knowledge of both English and 
German, and. each volume will be edited by a prominent specialist on the subject to 
which it is devoted. It will thus be brought thoroughly up to date, and the American edition 
will be more than a mere translation of the German ; for, in addition to the matter contained 
in the original, it will represent the very latest views of the leading American special- 
ists in the various departments of Internal Medicine. The whole System will be under the 
editorial supervision of Dr. Alfred Stengel, who will select the subjects for the American 
edition, and will choose the editors of the different volumes. 

Unlike most encyclopedias, the publication of this work will not be extended over a 
number of years, but five or six volumes will be issued during the coming year, and the 
remainder of the series at the same rite. Moreover, each volume will be revised to the 
date of its publication by the American editor. This will obviate the objection that has 
heretofore existed to systems published in a number of volumes, since the subscriber will 
receive the completed work while the earlier volumes are still fresh. 

The usual method of publishers, when issuing a work of this kind, has been to compel 
physicians to take the entire System. This seems to us in many cases to be undesirable. 
Therefore, in purchasing this encyclopedia, physicians will be given the opportunity of 
subscribing for the entire System at one time ; but any single volume or any number of 
volumes may be obtained by those who do not desire the complete series. This latter 
method, while not so profitable to the publisher, offers to the purchaser many advan- 
tages which will be appreciated by those who do not care to subscribe for the entire work 
at one time. 

This American edition of Nothnagel's Encyclopedia will, without question, form the 
greatest System of Medicine ever produced, and the publishers feel confident that it 
will meet with general favor in the medical profession. 
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NOTHNAGEL'S ENCYCLOPEDIA 

VOLUMES JUST ISSUED AND IN PRESS 



VOLUME I 

Editor, William Osier, M, D 

F.R.GP. 



•t 



Professor of Aledicine in Johns Hopkins 
University 

CONTENTS 

Typhoid Fever. By Dr. H. Curschmann, 
of Leipsic, Typhus Fever. By Dr. H. 
Cukschmann, of Leipsic. 

Handsome octavo volume of about 600 pages. 
Just Issued 



VOLUME n 

Editor, Sir J, W. Moore, B. A„ M, D„ 

F.UCP.L, of Dublin 

Professor of Practice 0/ Medicine , Royal 
College of Surgeons in Ireland 

CONTENTS 

Erysipelas and Erysipeloid. By Dr. H. 
Lenhartz, of Hamburg. Cholera Asi- 
atica and Cholera Nostras By Dr. 
K. von Lieuermeistek, of Tubingen. 
Whooping Cough and Hay Fever. By 
Dr. G. Sticker, of Giessen. Varicella. 
By Dr. Th. von Jurgensbn, of Tubingen. 
Variola (including Vaccination). By 
Dr. H. Immekmann, of Basle. 

Handsome octavo volume of over 700 pages. 
Just Issued 



volume vn 

Editor, John H* Musser, M, D. 

Professor 0/ Clinical Medicine \ University 
of Pennsylvania 

CONTENTS 

Diseases of the Bronchi. By Dr. F. A. 
Hoffmann, of Leipsic. Diseases of the 
Pleura. By Dr. Rosenbach, of Berlin. 
Pneumonia. By Dk. E. Aufrecht, of 
Magdeburg. 



volume vm 

Editor, Charles G. Stockton, M. D. 

Professor 0/ Medicine, University of Buffalo 



CONTENTS 

Diseases of the Stomach. 

Riegel, of Giessen. 



By Dr. F. 



VOLUME rx 
Editor, Frederick A* Packard, M. D. 

Physician to the Pennsylvania Hospital and 
to the Children's Hospital, Philadelphia 

CONTENTS 

Diseases of the Liver. By Dks. H. 
Quincke and G. Hoppe-Seylek, of Kiel. 



volume m 

Editor, William P, Northrup, M, D. 

Professor of Pediatrics, University and 
Bellevue Medical College 

CONTENTS 

Measles. By Dr. Th. von Jurgbnsen, of 
Tubingen. Scarlet Fever. By the same 
author. Rotheln. By the same author. 



VOLUME X 
Editor, Reginald H. Fits, A, M., MJX 

Hersey Professor of the Theory and Prac- 
tice of Physic, Harvard University 

CONTENTS 

Diseases of the Pancreas. By Dr. L. 
Oser, of Vienna. Diseases of the Supra- 
renals. By Dk. E. Neussek, of Vienna. 



VOLUME VI 
Editor, Alfred Stengel, M» D. 

Professor of Clinical Medicine, University 
of Pennsylvania 

CONTENTS 

Anemia. By Dr. P. Ehrlich, of Frank- 
fort-on-the-Main, and Dr. A. Lazarus, of 
Charlottenburg. Chlorosis. By Dk. K. 
von Noorden, of Frankfort-on-the-Main. 
Diseases of the Spleen and Hemor- 
rhagic Diathesis. By Dk. M. Litten, 
of Berlin. 



VOLUMES IV, V, and XI 
Editors announced later 

Vol. IV. — Influenza and Dengue. By Dr. 
O. Leichtenstein, of Cologne. Malarial 
Diseases. By Dr. J. Mannaberg, of 
Vienna. 

Vol.V. — Tuberculosis and Acute General 
Miliary Tuberculosis. By Dr. G. Cor- 
net, of Berlin. 

Vol. XI. — Diseases of the Intestines and 
Peritoneum. By Dk. H. Nothnagel, 
of Vienna. 
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OF THE 

MEDICAL PUBLICATIONS 

OP 

W. B. SAUNDERS & COMPANY 



ANATOMY, EMBRYOLOGY, HIS- 
TOLOGY. 

Bohm, Davidoff, and Huber— A Text- 
Book of Histology, 4 

Clarkson— A Text-Book of Histology, . 5 
Haynes — A Manual of Anatomy, ... 7 
Heisler — A Text-Book of Embryology, . 7 
Leroy — Essentials of Histology, .... 15 
Nancrede — Essentials of Anatomy, ... 15 
Nancrede — Essentials of Anatomy and 
Manual of Practical Dissection, . . . . 10 

BACTERIOLOGY. 

Ball — Essentials of Bacteriology, .... 15 

Frothingham— Laboratory Guide, . . . 6 

Gorham — Laboratory Course in Bacte- 
riology, 22 

Lehmann and Neumann — Atlas of 
Bacteriology, 17 

Levy and Klemperer's Clinical Bacte- 
riology, .9 

Mallory and Wright — Pathological 
Technique, 9 

McParland — Pathogenic Bacteria, ... 9 

CHARTS, DIET-LISTS, ETC. 

Griffith— Infant's Weight Chart, .... 7 

Hart — Diet in Sickness and in Health, . 7 

Keen — Operation Blank, 8 

Laine — Temperature Chart, 9 

Meigs — Feeding in Early Infancy, ... 10 

Starr — Diets for Infants and Children, . 12 

Thomas — Diet-Lists, 13 

CHEMISTRY AND PHYSICS. 
Brockway — Essentials of Medical 

Physics, 15 

Wolff— Essentials of Medical Chemistry, 15 

CHILDREN. 

An American Text-Book of Diseases 

of Children 1 

Griffith— Care of the Baby 7 

Griffith— Infant's Weight Chart, .... 7 
Meigs — Feeding in Early Infancy, ... 10 
Powell — Essentials of Diseases of Chil- 
dren, 15 

Starr — Diets for Infants and Children, . 12 

DIAGNOSIS. 

Cohen and Eshner — Essentials of Diag- 
nosis, 15 

Corwin — Physical Diagnosis 5 

Vierordt — Medical Diagnosis, 14 

DICTIONARIES. 

The American Illustrated Medical 
Dictionary 3 

The American Pocket Medical Dic- 
tionary, 3 

Morton— Nurses' Dictionary, 10 



EYE, EAR, NOSE, AND THROAT. 

An American Text-Book of Diseases 

of the Eye, Ear, Nose, and Throat, . . z 
De Schweinitz — Diseases of the Eye, . 6 
Priedrich and Curtis — Rhinology, Lar- 
yngology, and Otology, 6 

Gleason— Essentials of the Ear, . ^ . . . 15 
Gleason — Essentials of Nose and Throat, 15 
Gradle — Ear, Nose, and Throat, .... 22 
Grunwald and Grayson — Atlas of Dis- 
eases of the Larynx, 16 

Haab and de Schweinitz— Atlas of Ex- 
ternal Diseases of the Eye, 16 

Jackson — Manual of Diseases of the Eye, 8 
ackson — Essentials Diseases of Eye, . 15 
Cyle — Diseases of the Nose and Throat, 9 

GENITO-URINARY. 

An American Text-Book of Genito- 
urinary and Skin Diseases. 9 

Hyde and Montgomery— Syphilis and 
the Venereal Diseases, 8 

Martin — Essentials of Minor Surgery, 
Bandaging, and Venereal Diseases, . . 15 

Mracek and Bangs— Atlas of Syphilis 
and the Venereal Diseases, 16 

Saundby — Renal and Urinary Diseases, zi 

Senn — Genito- Urinary Tuberculosis, . . 13 

Vecki — Sexual Impotence, 14 

GYNECOLOGY. 

American Text-Book of Gynecology, . a 

Cragin — Essentials of Gynecology, ... 15 

Garrigues— Diseases of Women, .... 6 

Long — Syllabus of Gynecology, .... 9 

Penrose — Diseases of Women, xo 

Pry or — Pelvic Inflammations, zs 

Schjaeffer and Norris— Atlas of Gyne- 
cology, 17 

HYGIENE. 

Abbott — Hygiene of Transmissible Dis- T 

eases, 3 

Bergey — Principles of Hygiene, .... 22 
Pyle — Personal Hygiene, xx 

MATERIA MEDICA, PHARMA- 
COLOGY, and THERAPEUTICS. 

An American Text-Book of Applied 

Therapeutics, x 

Butler — Text-Book of Materia Medica, 

Therapeutics, and Pharmacology, . . 4 
Morris — Ess.of M. M. and Therapeutics, 15 
Saunders' Pocket Medical Formulary, . 11 
Sayre — Essentials of Pharmacy, .... 15 
Sollmann — Text- Book of Pharmacology, 22 
Stevens— Modern Therapeutics, .... 13 
Stoney — Materia Medica for Nurses, . . 13 
Thornton — Prescription- Writing, . . . X3 
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MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. 

Chapman — Medical Jurisprudence and 
Toxicology, 5 

Golebiewski and Bailey— Atlas of Dis- 
eases Caused by Accidents, 17 

Hofmann and Peterson— Atlas of Legal 
Medicine, • 16 

NERVOUS AND MENTAL DIS- 
EASES, ETC. 

Brower — Manual of Insanity, 22 

Chapin — Compendium of Insanity, ... 5 

Church and Peterson — Nervous and £ 

Mental Diseases 5 

Jakob and Fisher — Atlas of Nervous 

System, 17 

Shaw — Essentials of Nervous Diseases 

and Insanity, 15 

NURSING. 
Davis — Obstetric and Gynecologic Nurs- 
ing 6 

Griffith— The Care of the Baby, .... 7 

Hart — Diet in Sickness and in Health, . . 7 

Meigs — Feeding in Early Infancy, ... 10 

Morten — Nurses' Dictionary, 10 

Stoney — Materia Medica for Nurses, . . 13 

Stoney — Practical Points in Nursing, . . 13 

Stoney — Surgical Technic for Nurses, . 13 

Watson — Handbook for Nurses, .... 14 

OBSTETRICS. 

An American Text-Book of Obstetrics, 3 

Ashton — Essentials of Obstetrics, .... 15 

Boisliniere — Obstetric Accidents, . \ . 4 

Dorland— Modern Obstetrics, 6 

Hirst — Text-Book of Obstetrics, .... 7 

Norris — Syllabus of Obstetrics, 10 

Schaeffer and Edgar — Atlas of Obstet- 
rical Diagnosis and Treatment, .... 17 

PATHOLOGY. 

An American Text-Book of Pathology, 2 
Durck and Hektoen— Atlas of Patho- 
logic Histology, 16 

Kalteyer — Essentials of Pathology, . . 15 
Mallory and Wright— Pathological 

Technique, 9 

Senn — Pathology, and Surgical Treat- 
ment of Tumors, 12 

Stengel— Text-Book of Pathology, ... 12 

Warren — Surgical Pathology, 14 

PHYSIOLOGY. 

American Text-Book of Physiology, . 2 

Budgett — Essentials of Physiology, . . 15 

Raymond — Text-Book of Physiology, . 11 

Stewart — Manual of Physiology, . . 13 

PRACTICE OF MEDICINE. 

An American Year-Book of Medicine 

and Surgery, 3 

Anders— Practice of Medicine 4 

Eichhorst — Practice of Medicine, ... 6 

Lockwood — Practice of Medicine, . . . 9 

Morris— F.ss. of Practice of Medicine, . 15 

Salinger & Kalteyer— Mod. Medicine, 11 

Stevens — Practice of Medicine, .... 13 



SKIN AND VENEREAL. 

An American Text-Book of Genito- 
urinary and Skin Diseases, 2 

Hyde and Montgomery — Syphilis and 
the Venereal Diseases, 8 

Martin— Essentials of Minor Surgery, 
Bandaging, and Venereal Diseases, . . 15 

Mracek and Stel wagon— Atlas of Dis- 
eases of the Skin, 16 

Stelwagon— Essentials of Diseases of 
the Skin, 15 

SURGERY. 

An American Text-Book of Surgery, 2 
An American Year-Book of Medicine 

and Surgery, 3 

Beck— Fractures, 4 

Beck — Manual of Surgical Asepsis, ... 4 

Da Costa — Manual of Surgery, 5 

International Text-Book of Surgery, . 8 

Keen— Operation Blank, 8 

Keen — The Surgical Complications and 

Sequels of Typhoid Fever, 8 

Macdonald — Surgical Diagnosis and 

Treatment, 9 

Martin — Essentials of Minor Surgery, 
Bandaging, and Venereal Diseases, . . 15 

Martin — Essentials of Surgery, 15 

Moore — Orthopedic Surgery, 10 
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Pye — Bandaging and Surgical Dressing, 11 
Scudder — Treatment of Fractures, ... 12 
Senn — Genito-Urinary Tuberculosis, . . 12 

Senn — Practical Surgery, 12 

Senn — Syllabus of Surgery, 12 

Senn — Pathology and Surgical Treat- 
ment of Tumors, 12 

Warren — Surgical Pathology and Ther- 
apeutics, 14 

Zuckerkandl and Da Costa — Atlas of 
Operative Surgery, 16 

URINE AND URINARY DISEASES. 
Ogden — Clinical Examination of the 

Urine, 10 

Saundby — Renal and Urinary Diseases, xz 
Wolf— Handbook of Urine Examination, 22 
Wolff— Examination of Urine, 15 

MISCELLANEOUS. 
Abbott — Hygiene of Transmissible Dis- 
eases, 3 

Bastin — Laboratory Exercises in Bot- 
any 4 

Golebiewski and Bailey— Atlas of Dis- 
eases Caused by Accidents, . . . . 17 
Gould and Pyle — Anomalies and Curi- 
osities of Medicine, 7 

Grafstrom — Massage, 7 

Keating — Examination for Life Insur- 
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Pyle — A Manual of Personal Hygiene, . 11 
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Bergey's Principles of Hygiene* 



The Principles of Hygiene: A Practical Manual for Students, 
Physicians, and Health Officers. By D. H. Bergey, A.M., M. D., 
First Assistant, Laboratory of Hygiene, University- of Pennsyl- 
vania. Handsome octavo volume of about 500 pages, illus- 
trated. 



Brower's Manual of Insanity* 

A Practical Manual of Insanity. By Daniel R. Brower, M.D., 
Professor of Nervous and Mental Diseases, Rush Medical Col- 
lege, Chicago. 121110 volume of 425 pages, illustrated. 

-Gorham's Bacteriology. 

A Laboratory Course in Bacteriology. By F. P. Gorham, 
M. A., Assistant Professor in Biology, Brown University. 121110 
volume of about 160 pages, fully illustrated. 

Gradle on the Nose, Throat, and Ear* 

Diseases of the Nose, Throat, and Ear. By Henry Gradle, 
M. D., Professor of Ophthalmology and Otology, Northwestern 
University Medical School, Chicago. Handsome octavo volume 
of 800 pages, profusely illustrated. 

Soflmann's Pharmacology* 

A Text-Book of Pharmacology. By Torald Sollmann, M. D., 
Lecturer on Pharmacology, Western Reserve University, Cleve- 
land, Ohio. Royal octavo volume of about 700 pages. 

Wolfs Examination of Urine* 

A Handbook of Physiologic Chemistry and Urine Examination. 
By Charles G. L. Wolf, M. D., Instructor in Physiologic Chem- 
istry, Cornell University Medical College. i2mo volume of about 
160 pages. 
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MED 

The series of I 



SAUNDERS 1 
MEDICAL HAND-A' 



The series of books included under l!ii 
into English of the world-famous 

Lehmann Medicinische Handatlanten, 

which for scientific accuracy, pictorial beauty, compactness, and 
cheapness surpass any similar volumes ever published. 

Each volume contains from 50 to 100 colored pli 
ous illustrations in the text. The colored plates have been executed by 
most skilful German lithographers, in some cases more than twenty 
pressions being required to obtain the desired result. Each plate is acci 
panied by a full and appropriate description, and each book 
deused but adequate outline of the subject to which it is devote'l. 

One of the most valuable features of these atlases is that they offer a 
ready and satisfactory substitute far clinical observation. Such ob- 
servation, of course, is available only to the residents in large medical 
and even then the ruijui-ile variety is seen uuly after ling years of 
hospital work. To those unable to attend important clinics these books 
will be absolutely indispensable, as presenting in a complete and con- 
venient form the most accurate reproductions of clinical work, interpreted 
by the most competent of clinical leach- 
While appreciating the value of such, colored plates, the profession 
heretofore been practically debarred from purchasing similar works becau! 
of their extremely high price, made necessary by a limited sale an 
enormous expense of production. Now. however, by reason of their 
jccled universal translation and repri iduetion, nffordin; 1 
tributiupi, the publishers have been enabled to secure (or these allasi 
best artistic and professional talent, to produce them in the I 
elegant style, anil yet lo offer them at a price heretofore unapproached 
in cheapness. The great success of the undertaking :.■ 
by the feel that the volumes hive already appealed in thirteen different 
languages — German, English, French, Itnhaii, Russian, Spanish, Dutch, 
Danish, Swedish, Roumanian, Bohemian, and Hungarian. 
The some careful and competent editorial supervision lias been 
secured in the English edition IS in the Originals. The translations have 
been edited by the leading American specialists in the cKi&rM! iub> 
jects. The volumes are of a uniform and convenient size (5 >: 7^ inches), 
and are substantially bound in cloth. 
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